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ABSTRACT 


The  main  purpose  of  this  study  was  to  investigate  the  effects  of  repet¬ 
itive,  ELECTRICAL,  TETANIC  STIMULATION  ON  THE  STRENGTH  AND  FATIGUE  OF  THE  ULNAR 
INNERVATED  MUSCLES  OF  THE  NON-DOMINANT  HAND  IN  HEALTHY  ADULTS.  TEN  MALES  AND 
EIGHT  FEMALES  VOLUNTEERED  TO  PARTICIPATE  IN  THE  EXPERIMENT.  THEY  WERE  DIVIDED 
INTO  THREE  GROUPS:  A  ( N  =  9 )  UNDERWENT  A  DAILY,  SIX  SECOND,  TETANIC  CONTRAC¬ 
TION;  V  (l\l=  5)  EXERCISED  BY  DOING  A  DAILY,  SIX  SECOND,  MAXIMUM,  VOLUNTARY, 
ISOMETRIC  CONTRACTION,  AND  C  ( N  =  4 )  ACTED  AS  A  CONTROL  GROUP  AND  THEY  CARRIED 
ON  THEIR  NORMAL  EVERYDAY  ACTIVITY.  THE  ULNAR  INNERVATED  MUSCLES  OF  THE  DOMINANT 
HAND  AS  WELL  AS  THE  NON-DOMINANT  HAND  OF  ALL  THE  SUBJECTS  WERE  MEASURED  FOR  THE 
FOLLOWING  PARAMETERS,*  (l)  GRIP  TENSION,  (2)  TETANIC  TENSION,  (3)  MERTONtS 
TENSION,  AND  (4)  FATIGUE-TENSION  RATIO.  THE  MEASURES  TAKEN  ON  THE  DOMINANT 
HAND  ACTED  AS  AN  ADDITIONAL  CONTROL  GROUP. 

The  subjects  that  underwent  electrical  stimulation  (Group  A)  showed 

SIGNIFICANT  INCREASES  IN  TWO  OF  THE  FOUR  MEASURES  -  GRIP  TENSION  AND  TETANIC 

tension.  Group  V  subjects,  who  underwent  voluntary  isometric  exercise,  did  not 

DEMONSTRATE  STATISTICALLY  SIGNIFICANT  GAINS  IN  ANY  OF  THE  FOUR  PARAMETERS  UNDER 

D  I  SCUSS  I  ON . 

Current  theories  of  strength  development  are  discussed  in  the  light  of 

i  L  ~ ' 
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INTRODUCTION 


Man  has  associated  an  increase  in  muscle  strength  with  exercise  since  at 

LEAST  THE  6TH  CENTURY  B. C.  At  THAT  TIME  MlLO  OF  CROTONA  ADVOCATED  LIFTING  A 
BABY  CALF  ON  TO  ONETS  SHOULDERS  DAILY,  AS  A  MEANS  OF  INCREASING  MUSCULAR 
STRENGTH  (6).  As  THE  CALF  INCREASED  IN  WEIGHT  SO  THE  INDIVIDUAL  WOULD  INCREASE 
IN  STRENGTH,  UNTIL  HE  REACHED  THE  LIMITS  OF  HIS  POTENTIAL  STRENGTH  AT  WHICH  TIME 
HE  WOULD  BE  UNABLE  TO  LIFT  THE  CALF. 

All  subsequent  programs  to  increase  muscular  strength  which  have  proved 

EFFECTIVE  HAVE  THE  SAME  BASIC  PRINCIPLE.  TODAY  THIS  IS  KNOWN  AS  THE  "OVERLOAD 

principle".  In  essence  the  "Overload  principle"  states  that  to  increase  the 

STRENGTH  OF  A  GIVEN  MUSCLE,  AN  INCREASING  AMOUNT  OF  TENSION  HAS  TO  BE  PRODUCED 
BY  THAT  MUSCLE  FOR  A  CERTAIN  PERIOD  OF  TIME  AND  AT  CERTAIN  REGULAR  INTERVALS. 

The  questions  of  how  much,  how  long,  and  how  often  this  tension  has  to  be 

EXERTED  TO  BRING  ABOUT  MAXIMUM  INCREASE  IN  MUSCLE  STRENGTH  ARE  STILL  BEING  DE¬ 
BATED  BECAUSE  ALL  BUT  A  FEW  OF  THE  MANY  STUDIES  IN  THE  AREA  OF  STRENGTH  DEVELOP¬ 
MENT  HAVE  BEEN  CONCERNED  WITH  VOLITIONAL  EXERCISE.  A  VARIETY  OF  PSYCHOLOGICAL 
FACTORS  SUCH  AS  MOTOR  LEARNING,  ATTITUDES,  MOTIVATION,  FEELINGS  OF  WELL-BEING  OR 
DISCOMFORT,  ALL  AFFECT  THE  AMOUNT  OF  EFFORT  AN  INDIVIDUAL  WILL  PUT  INTO  A 
VOLUNTARY  EXERCISE.  THIS  EFFORT,  IN  TURN,  WILL  DETERMINE  THE  AMOUNT  OF  TENSION 
PRODUCED  BY  ANY  GIVEN  MUSCLE.  THESE  FACTORS  ARE  IMPORTANT  WHEN  MAKING  A  COM¬ 
PARISON  OF  THE  EFFICACY  OF  VARIOUS  EXERCISE  PROGRAMS  DESIGNED  TO  INCREASE 
MUSCULAR  STRENGTH.  THE  COMMENTS  OF  I KA I  AND  STEINHAUS  ARE  REPRESENTATIVE  OF  THE 
OPINIONS  HELD  BY  A  NUMBER  OF  INVESTIGATORS  IN  THE  FIELD  OF  STRENGTH  DEVELOPMENT. 

"Our  FINDINGS  APPEAR  TO  SUPPORT  THE  THESIS  THAT  IN  EVERY 
VOLUNTARILY  EXECUTED,  ALL-OUT  MAXIMAL  EFFORT,  PSYCHOLOGIC 
RATHER  THAN  PHYSIOLOGIC  FACTORS  DETERMINE  THE  LIMITS  OF  PER¬ 
FORMANCE.  Because  such  psychologic  factors  (including  phar¬ 
macologically  INDUCED  PSYCHIC  STATES)  ARE  READILY  MODIFIED, 

THE  IMPLICATIONS  OF  THIS  POSITION  GRAVELY  CHALLENGE  ALL  ESTIMATES 
OF  FITNESS  AND  TRAINING  EFFECTS  BASED  ON  TESTING  PROGRAMS  THAT  IN¬ 
VOLVE  MEASURES  OF  ALL-OUT  OR  MAXIMAL  PERFORMANCE."  (15:161) 
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Because  psychological  factors  are  many,  variable,  and  difficult  to  control,  it 

WAS  THOUGHT  THAT  IT  WOULD  BE  VALUABLE  TO  REVIEW  STUDIES  OF  THE  EFFECT  OF  TENSION 
ON  MUSCLE  STRENGTH  WHERE  THESE  FACTORS  ARE  EITHER  ELIMINATED  COMPLETELY  OR  ARE 
INSIGNIFICANT.  SUCH  FACTORS  CAN  BE  MINIMIZED,  AND  PROBABLY  EXCLUDED  BY 
ELECTRICAL  STIMULATION  OF  THE  LOWER  MOTOR  NEURON.  FOR  THIS  REASON  IT  WAS  DE¬ 
CIDED  TO  FOCUS  OUR  REVIEW  ON  THOSE  STUDIES  CONCERNED  WITH  ARTIFICIAL  EXERCISE 
BY  MEANS  OF  ELECTRICAL  STIMULATION. 

A.  REVIEW  OF  LITERATURE 

At  the  turn  of  the  century  two  investigators  noted  the  effects  of  arti¬ 
ficial  STIMULATION  ON  THE  STRENGTH  OF  HEALTHY  MUSCLE  IN  ANIMALS.  DEBEDAT  IN 
1894  AND  BORDIER  IN  1 902  REPORTED  THAT  AFTER  DAILY  TREATMENT  WITH  STRONG 
ELECTRICAL  CURRENTS  MARKED  INCREASES  IN  WEIGHT  AND  POWER  WERE  OBSERVED  IN 
HEALTHY  MUSCLE  IN  RATS. 

Nowakawska  IN  1962  INVESTIGATED  THE  EFFECTS  OF  TRAINING  BY  MEANS  of 
ELECTRICAL  STIMULATION  UPON  THE  EXCITABILITY  AND  WORK  CAPACITY  OF  NORMALLY 
INNERVATED  MUSCLES  OF  THE  RIGHT  REAR  EXTREMITY  OF  RATS.  AFTER  35  DAYS  ON  THIS 
PROGRAM,  HE  CONCLUDED  THAT  THE  TREATED  LIMB  DEFINITELY  INCREASED  IN  EXCITABILITY 
AND  IN  WORK  CAPACITY  AS  INDICATED  BY  THE  ABILITY  OF  THE  MUSCLES  TO  LIFT  A  100 
GRAM  WEIGHT  SUSPENDED  FROM  THE  ACHILLES  TENDON  STIMULATED  AT  A  FREQUENCY  OF  100 
PER  MINUTE. 

A  DETAILED  REVIEW  OF  THE  LITERATURE  SHOWED  ONLY  ONE  STUDY  CONCERNED  WITH 
THE  EFFECTS  OF  REPETITIVE  ELECTRICAL  STIMULATION  ON  THE  STRENGTH  OF  HEALTHY 
HUMAN  MUSCLE.  MASSEY  ET  AL  COMPARED  THE  EFFECTS  OF  PHASIC,  STATIC  AND  HIGH  FRE¬ 
QUENCY  ELECTRICAL  STIMULATION  ON  THE  DEVELOPMENT  OF  STRENGTH  AND  MUSCLE  GIRTH. 

The  measurements  taken  on  47  MARINES  prior  to  and  following  the  training  program 
included:  right  and  left  upper  and  lower  arm  girth,  right  and  left  grip 

STRENGTH,  AND  RIGHT  AND  LEFT  ELBOW  FLEXION  AND  EXTENSION  STRENGTHS.  THE  RESULTS 

SHOWED  STATISTICALLY  SIGNIFICANT  IMPROVEMENTS  FOR  ALL  STRENGTH  AND  GIRTH 
MEASURES  FOR  THE  PHASIC  AND  STATIC  GROUPS  AS  COMPARED  TO  THE  CONTROL  GROUP.  THE 
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GROUP  THAT  UNDERWENT  ELECTRICAL  STIMULATION  DEMONSTRATED  STATISTICALLY  SIGNIFI¬ 
CANT  IMPROVEMENTS  OVER  THE  CONTROLS  IN  EXTENSION  STRENGTH  AND  IN  TWO  OF  THE 
FOUR  GIRTH  MEASUREMENTS.  THE  WRITERS  REPORT  THAT  THE  DATA  INDICATES  THAT  THE 
METHOD  OF  ELECTRICAL  STIMULATION  EMPLOYED  IN  THIS  STUDY  WAS  NOT  AS  EFFECTIVE  AS 
PHASIC  OR  STATIC  TRAINING. 

B.  REASONS  FOR  THE  PRESENT  STUDY 

A  METICULOUS  AND  CAREFUL  SEARCH  FAILED  TO  REVEAL  ANY  OTHER  STUDIES  CON¬ 
CERNED  WITH  ARTIFICIAL  EXERCISE  IN  HEALTHY  ANIMAL  OR  HUMAN  MUSCLE.  BECAUSE  OF 
THE  PAUCITY  OF  THE  STUDIES  IN  THIS  IMPORTANT  AREA  OF  ARTIFICIAL  EXERCISE  AND 
STRENGTH  DEVELOPMENT,  IT  WAS  DECIDED  A  NEW  AND  MORE  SPECIFIC  STUDY  SHOULD  BE 
UNDERTAKEN . 

The  method  of  electrical  stimulation  virtually  excludes  the  volitional 

COMPONENT  OF  STRENGTH,  AND  HENCE  AN  OBJECTIVE  MEASUREMENT  CAN  BE  MADE  OF  THE 
MAXIMUM  TENSION*  THAT  CAN  BE  PRODUCED  BY  A  SPECIFIC  MUSCLE.  By  USING  SUCH  A 
TECHNIQUE  IT  SHOULD  BE  POSSIBLE  TO  ACCURATELY  DETERMINE  IF  AN  EXERCISE  PROGRAM 
CONSISTING  ENTIRELY  OF  ARTIFICIAL  STIMULATION  RESULTS  IN  A  CHANGE  IN  THE  TETANIC 
TENSION  OF  A  MUSCLE.  IT  WAS  DECIDED  TO  PRODUCE  THE  ARTIFICIAL  EXERCISE  BY  DAILY 
TETANIC  ELECTRICAL  STIMULATION  OF  THE  ULNAR  NERVE  AND  RECORD  ANY  ENSUING  CHANGES 
IN  TENSION  OF  THE  ULNAR  INNERVATED  MUSCLES  OF  THE  THUMB. 

In  ADDITION  TO  THE  MAIN  PROBLEM  OF  INVESTIGATING  THE  EFFECTS  OF  REPETITIVE 
ELECTRICAL  STIMULATION  ON  THE  STRENGTH  OF  HEALTHY  MUSCLES,  IT  WAS  THOUGHT  THAT 
THIS  STUDY  COULD  PROVIDE  NEW  INFORMATION  ON  MUSCLE  FATIGUE.  THE  RELATIONSHIP 
OF  MUSCLE  FATIGUE  TO  MUSCLE  STRENGTH  IS  POORLY  UNDERSTOOD.  ONE  OF  THE  MAJOR 
REASONS  FOR  THIS  UNCERTAINTY  IS  THAT  THE  VARIOUS  PSYCHOLOGICAL  FACTORS  PREVIOUS¬ 
LY  DISCUSSED  PLAY  AN  EVEN  MORE  INFLUENTIAL  ROLE  IN  HUMAN  PERFORMANCE  WHEN  THE 
PHYSICAL  ACTIVITY  UNDER  CONSIDERATION  IS  CARRIED  ON  UNTIL  EXHAUSTION  ENSUES. 

*  Maximum  tension  here  indicates  the  maximum  tension  produced  by  ulnar  inner¬ 
vated  MUSCLES  ATTACHED  TO  THE  THUMB  WHEN  THE  ULNAR  NERVE  IS  STIMULATED  SUPRA- 
MAXIMALLY  AT  THE  WRIST  AT  A  RATE  OF  50  CYCLES  PER  SECOND. 
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However,  with  the  special  apparatus  and  the  method  of  stimulation  employed  in 

THIS  EXPERIMENT,  THE  ENTIRE  FATIGUE  CURVE  OF  THE  ULNAR  INNERVATED  MUSCLES  OF  THE 
THUMB  MAY  BE  OBTAINED  WITH  ARTIFICIAL  STIMULATION  IN  THE  HUMAN  SUBJECT.  UNDER 
THE  CONDITIONS  OF  THIS  EXPERIMENT  THIS  CURVE  REPRESENTS  THE  PHYSIOLOGICAL  LIMITS 
OF  THE  MUSCLE  BEING  INVESTIGATED.  IT  WAS  THEREFORE  DECIDED  TO  DETERMINE 
WHETHER  REPETITIVE  TETANIC  STIMULATION  AFFECTED  THE  RATE  OF  FATIGUE  OF  THE 
MUSCLE  (FATIGUE-TENSION  RATIO*). 

It  WAS  THOUGHT  THAT  THIS  FATIGUE-TENSION  RATIO  WOULD  PROVIDE  A  STABLE  BASE 
LINE  FROM  WHICH  THE  RELATIONSHIP  OF  MAXIMUM  TETANUS  TENSION  AND  RATE  OF  FATIGUE 
COULD  BE  DETERMINED. 

Despite  the  experimental  limitations  of  testing  only  a  few  small  muscles 

AND  OF  MEASURING  A  VERY  SPECIFIC  TYPE  OF  MUSCLE  STRENGTH  AND  FATIGUE,  IT  WAS 
FELT  THAT  THE  RESULTS  OF  SUCH  A  STUDY  WOULD  BE  OF  CONSIDERABLE  VALUE  IN  THE 

CRITICAL  APPRAISAL  OF  MUSCLE  STRENGTHENING  PROGRAMS  AND  ALSO  IN  THE  EVALUATION 

OF  NEUROMUSCULAR  FATIGUE. 

In  summary,  the  present  study  was  conducted  to  determine  if  a  daily  tetanic 

NERVE  STIMULATION  WOULD  EFFECT  A  CHANGE  IN  MUSCLE  TENSION  AND  THE  RATE  OF  MUSCLE 
FAT  I  GUE. 


*  Fatigue-tension  ratio  is  the  tetanus  tension  after  a  given  period  of  contin¬ 
uous  STIMULATION  AT  A  CERTAIN  FREQUENCY  DIVIDED  BY  THE  MAXIMUM  TETANUS  TENSION 
ON  INITIAL  STIMULATION  AT  THE  SAME  FREQUENCY. 


’  ''  ‘  '  "  ; 


■  ‘ 


METHODS  AND  PROCEDURE 


A.  General 

B.  Apparatus  and  Procedure 

C.  Subjects 

D.  Location  and  Duration  of  Experiment 


E.  Test  Procedure 


1 1 


.  'i  ... 


3 1  T 

' 

,  i 


i  i  r  it 


Messier  -  5 


CHAPTER  I  I 

METHODS  AND  PROCEDURE 

A.  GENERAL 

In  essence  this  study  was  concerned  with  determining  the  changes  that 

OCCURRED  IN  THE  TETANIC  TENSION  OF  THE  THUMB  AFTER  TWO  DIFFERENT  EXERCISE  PRO¬ 
GRAMS. 

The  technique  used  in  this  study  for  stimulating  the  ulnar  nerve  and  re¬ 
cording  EVOKED  POTENTIALS  AND  MUSCLE  TENSION  FROM  THE  THUMB  WAS  SIMILAR  TO  THAT 
DESCRIBED  BY  MERTON. 

The  experimental  lay  out  for  each  individual  subject  is  shown  in  Figs.  I 
AND  2.  The  subject  lies  supine  on  a  bed  with  his  hand  securely  fixed  to  the 

CENTRE  OF  A  BALL  BEARING  RACE.  THE  THUMB  IS  HELD  IN  AN  EXTENDED  AND  ABDUCTED 
POSITION  BY  A  METAL  SLEEVE  WHICH  IS  ATTACHED  TO  A  MECHAN O-ELECTR I C  TRANSDUCER 
FIXED  ON  THE  OUTER  RING  OF  THE  RACE.  THIS  TRANSMITS  TENSION  FROM  THE  THUMB  VIA 
A  STRAIN  GAUGE  AMPLIFIER  TO  BE  DISPLAYED  ON  AN  OSCILLOSCOPE  AND  OSCILLOGRAPH. 

Surface  electrodes  are  placed  over  the  motor  point  of  the  adductor  pollicis 

MUSCLE  AND  PASS  VIA  A  PREAMPLIFIER  TO  A  SECOND  CHANNEL  ON  THE  OSCILLOSCOPE  IN 
ORDER  TO  DISPLAY  THE  ACTION  POTENTIAL  OF  THE  MUSCLES. 

Stimulating  electrodes  are  fixed  on  the  skin  over  the  ulnar  nerve  and 

CONNECTED  TO  A  SQUARE  WAVE  STIMULATOR. 

Each  day  one  group  of  subjects  (A)  had  Artificial  exercise  by  means  of  a 

SIX  SECOND  SUSTAINED  TETANIC  STIMULATION  OF  THE  ULNAR  NERVE  WITH  THE  THUMB  FIXED 
AS  DESCRIBED.  A  SECOND  GROUP  (V)  EXERTED  A  MAX  I  MU M  \/°L u N TAR Y  ISOMETRIC  CONTRAC¬ 
TION  IN  A  THUMB  AND  HAND  GRIPPING  ACTION.  A  THIRD  GROUP  (_C)  UNDERWENT  NO  SPECIAL 
EXERCISE  PROGRAM  BUT  WAS  TESTED  AT  THE  BEGINNING  AND  END  OF  THE  FIVE  WEEK  TESTING 
PERIOD,  AND  ACTED  AS  A  CONTROL  GROUP. 

The  tension  of  the  muscle  was  recorded  five  days  per  week  for  five  weeks 

DURING  THE  EXPERIMENT  AND  A  COMPARISON  OF  MUSCLE  TENSION  AND  RATE  OF  FATIGUE  ON 
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THE  FIRST  AND  LAST  DAY  OF  THE  EXPERIMENT  WAS  MADE. 

Detailed  description  of  both  apparatus  and  procedure  follows. 

B.  APPARATUS  AND  PROCEDURE 

The  same  apparatus  was  used  for  both  the  testing  and  the  training  program. 

I.  Mechanical  -  Fixation  of  hand  in  ball  bearing  race.  The  hand  was 

PLACED  IN  A  SPLINT  CENTERED  IN  A  BALL  BEARING  RACE  AS  SHOWN  IN  FlG.  2.  THE 
SPLINT,  WHICH  CONSISTED  OF  A  PL ASTER-OF-P AR  I  S  MOULD  OF  THE  DORSAL  ONE-HALF  OF  THE 

forearm  and  hand,  was  housed  in  a  plywood  frame.  In  order  to  stabilize  the  hand 

WHILE  IT  WAS  BEING  EXERCISED,  A  STRAP  WAS  PLACED  AROUND  THE  FOREARM;  A  PADDED 
WOODEN  PLATE  WAS  CLAMPED  WITH  SCREWS  ACROSS  THE  FRONT  OF  THE  WRIST,  AND  A  RUBBER 
GRIP,  THE  SHAPE  OF  THE  INSIDE  OF  THE  CLENCHED  HAND  WHICH  WAS  MOULDED  AROUND  A 
STEEL  BAR,  WAS  CLAMPED  ACROSS  THE  PALMAR  SURFACE  OF  THE  HAND.  THE  PROXIMAL 
PHALANX  OF  THE  THUMB  WAS  PLACED  IN  A  SMALL  METAL  SLEEVE  WHICH  WAS  CONNECTED  BY  A 
WIRE  ROD  TO  A  FLAT  METAL  PLATE.  Th  I S  PLATE  WAS  INSERTED  IN  A  SLOT  AT  THE  END  OF 
A  BAR  ON  WHICH  THE  STRAIN  GAUGE  WAS  MOUNTED.  A  STEEL  PIN  WAS  INSERTED  INTO  ONE 
OF  MANY  HOLES  IN  THE  PLATE,  SO  THAT,  AS  THE  THUMB  PULLED  ON  THE  PLATE,  TENSION 
WOULD  BE  TRANSMITTED  TO  THE  BAR  AND  THE  STRAIN  GAUGE. 

The  strain  gauge  bar  was  mounted  on  the  outer  ring  of  the  ball  bearing 

RACE,  WHILE  THE  SPLINT  SUPPORTING  THE  HAND  WAS  FIXED  TO  AN  ALUMINUM  PLATE 
ATTACHED  TO  THE  INNER  TRACK  OF  THE  RACE,  AND  SO  PLACED  THAT  IT  WAS  SLIGHTLY  BE¬ 
HIND  THE  CENTRE  AND  VERTICAL  TO  THE  PLANE  OF  THE  RACE. 

The  ball  bearing  race  (Figs.  3  and  4)  was  made  of  mild  steel  one-half  inch 
thick.  The  internal  diameter  of  the  race  was  eight  inches,  the  external  diameter 

FOURTEEN  AND  ONE-HALF  INCHES  AND  THE  OUTER  TRACK  OF  THE  RACE  WAS  TWO  AND  ONE- 
QUARTER  INCHES  WIDE.  A  STEEL  ROD,  ONE  INCH  IN  DIAMETER,  WAS  RIGIDLY  FIXED  TO 
THE  INNER  TRACK.  THIS  ROD  WAS  INSERTED  INTO  A  FULL  SLEEVE  WHICH  WAS  FIRMLY  BOLT¬ 
ED  TO  THE  FRAME  OF  THE  BED.  IN  ADDITION  TO  PROVIDING  FOR  A  VERTICAL  ADJUSTMENT  OF 
THE  RACE,  THIS  ARRANGEMENT  MADE  THE  INNER  PORTION  OF  THE  RACE  STATIONARY.  HENCE, 
THE  OUTER  TRACK  WHICH  CARRIED  THE  STRAIN  GAUGE  COULD  TURN  FREELY  TO  THE  LEFT  OR 
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RIGHT  OF  ANY  DESIGNATED  POINT  ON  THE  INNER  TRACK.  THE  UPPER  SURFACE  OF  THE 
INNER  TRACK  WAS  MARKED  OUT  IN  DEGREES  SO  THAT  WHILE  THE  TETANUS  TENSION  WAS  BEING 
RECORDED  THE  EXACT  POSITION  OF  THE  THUMB  COULD  BE  NOTED. 

The  aluminum  plate  which  held  the  splint  was  attached  to  the  steel  rod, 

AND  BY  MEANS  OF  TWO  ALLEN  SCREWS  A  FINE  VERTICAL  ADJUSTMENT  COULD  BE  MADE  TO  THE 
SPL  I  NT. 

2.  Mechano-Electr i c  Transducer.  This  consists,  in  part,  of  a  cold  rolled 

STEEL  BAR,  ONE-EIGHTH  OF  AN  INCH  THICK,  FIVE-EIGHTHS  OF  AN  INCH  WIDE,  AND  TWO 
AND  FIVE-EIGHTHS  INCHES  IN  LENGTH,  WHICH  IS  FASTENED  TO  A  BRASS  RING  IN  SUCH  A 
MANNER  THAT  THE  SUBJECT  IS  ABLE  TO  APPLY  TENSION  TO  THE  TOP  END  OF  THE  STEEL 
PLATE  THROUGH  A  NINETY  DEGREE  ANGLE. 

The  electrical  portion  of  the  transducer  employs  a  full  bridge  input  to 

THE  STRAIN  GAUGE  AMPLIFIER,  UTILIZING  TWO  ACTIVE  STRAIN  GAUGES*,  ONE  IN  COM¬ 
PRESSION  AND  THE  OTHER  IN  STRETCH.  THIS  ARRANGEMENT  HAS  THE  EFFECT  OF  DOUBLING 
THE  SENSITIVITY  OF  THE  BRIDGE  CIRCUIT.  TWO  EXTERNAL  DUMMY  RESISTORS  WERE  MOUNTED 
IN  AN  ENCLOSED  METAL  BOX.  THE  STRAIN  GAUGES  HAD  THE  FOLLOWING  CHARACTERISTICS: 

(I)  RESISTANCE  -  120.0  -  0.5  OHMS,  (2)  GAUGE  FACTOR  -  2.12  AND  (3)  5-6  TEMPER¬ 
ATURE  COMPENSATION.  THE  LAST  CHARACTERISTIC  MATCHES  THE  TEMPERATURE  COMPENSATING 
CHARACTERISTICS  OF  THE  METAL  PLATE.  THE  DIMENSIONS  OF  THE  PLATE  AND  THE  PLACING 
OF  THE  STRAIN  GAUGES  WERE  DERIVED  FROM  THE  METHOD  DESCRIBED  IN  THE  MACHINERYTS 

Handbook. ** 

3.  Strain  Gauge  Amplifier.  The  strain  gauge  was  connected  to  a  DC 

COUPLED  STRAIN  GAUGE  AMPLIFIER.***  THIS  AMPLIFIER  HAD  A  HIGH  AMPLIFICATION  FAC¬ 
TOR  EMPLOYING  A  TEN-TURN,  THOUSAND  GRADATION  POTENTIOMETER  AS  THE  GAIN  CONTROL. 

The  external  circuit  is  balanced  by  a  bridge  balance  potentiometer  and  monitor¬ 
ing  meter.  The  output  of  the  strain  gauge  amplifier  was  then  fed  to  the  monitor 

*  Type  FAP-50-12  manufactured  by  Baldw i n-L i na-Ham i lton  Corporation,  Electronics 
Division,  Waltham,  Massachausetts. 

**  Machinery^  Handbook,  The  Industrial  Press,  93  Worth  Street,  New  York  3. 

Page  468. 

***  Custom  made  by  Medelec  Ltd.,  Woking,  Surrey,  England. 
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AND  RECORDING  OSCILLOSCOPES,  AND  ALSO  A  DIRECT  RECORDING  OSCILLOGRAPH,  VlSlCORDER 
TYPE  1508.* 

4.  Recording  Electrodes.  Small  silver  plated  surface  electrodes,  six 

MILLIMETERS  IN  DIAMETER,  WERE  PLACED  OVER  THE  BELLY  OF  THE  ADDUCTOR  POLLICIS  TO 
PICK  UP  THE  MUSCLE  ACTION  POTENTIALS.  THE  GROUND  ELECTRODE,  A  RECTANGULAR  SILVER 
COATED  PLATE,  ONE  BY  ONE  AND  ONE-HALF  INCHES,  WAS  PLACED  ON  THE  MEDIAL  SURFACE 
OF  THE  FOREARM. 

5.  Electromyograph  (E.M.G.)  Amplifier.  The  recording  electrodes  were 

CONNECTED  TO  A  DIFFERENTIAL  INPUT  ELECTROMYOGRAPH  PREAMPLIFIER.**  THE  INPUT 
IMPEDANCE  TO  THIS  AMPLIFIER  IS  1.0  MEGOHM  SHUNTED  BY  150  MICRO  FARADS.  THE  LOW 
FREQUENCY  TIME  CONSTANT  WAS  AVAILABLE  FROM  0.5  TO  0.01  SECONDS.  THE  HIGH 
FREQUENCY  CUT  OFF  WAS  VARIABLE  FROM  300  CYCLES  PER  SECOND  (c.P.S.)  TO  10  Kc. P. S. 

The  preamplifier  was  connected  to  the  monitor  and  recording  oscilloscopes  and 

ALSO  TO  THE  DIRECT  RECORDING  OSCILLOGRAPH. 

6.  Stimulating  Electrodes  and  Fixation  to  Wrist.  The  cathode  was  a 

STUD-LIKE,  SILVER  PLATED  ELECTRODE,  ONE  CENTIMETER  IN  DIAMETER.  IT  WAS  HELD  OVER 
THE  ULNAR  NERVE  AT  THE  WRIST  BY  MEANS  OF  A  LEATHER  AND  ELASTIC  STRAP.  IN  ORDER 
TO  USE  THE  LEAST  POSSIBLE  STIMULUS,  PRESSURE  WAS  APPLIED  TO  THE  CATHODE  BY  AN 
ADJUSTABLE  PROBE  (FlG.  2)  WHICH  WAS  ATTACHED  TO  THE  INNER  TABLE  OF  THE  BALL  BEAR¬ 
ING  RACE.  The  ANODE  WAS  a  SILVER  COATED  RECTANGULAR  PLATE,  ONE-HALF  INCH  BY  ONE 
AND  ONE-HALF  INCHES.  It  WAS  CONNECTED  PERMANENTLY  TO  THE  CAST  IN  SUCH  A  WAY 
THAT  IT  CAME  INTO  CONTACT  WITH  THE  MEDIAL  PORTION  OF  THE  LOWER  FOREARM  PROXIMAL 
AND  DORSAL  TO  THE  CATHODE. 

It  may  be  noted  that  the  race,  splint,  electrodes  and  pressure  device  were 

DESIGNED  SO  THAT  EITHER  THE  LEFT  OR  RIGHT  HAND  COULD  BE  TESTED  BY  SIMPLY  MOVING 
THE  RACE  COMPLEX  FROM  ONE  SIDE  OF  THE  BED  TO  THE  OTHER. 

*  Manufactured  by  Minneapolis  Honeywell,  Heiland  Division,  5200  E.  Evans 
Avenue,  Denver,  Colorado. 

**  Manufactured  by  Medelec  Ltd.,  Woking,  Surrey,  England. 
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7.  Nerve  Stimulator.  A  custom  made  Medelec*  stimulator  was  used.  Stim¬ 
ulus  AMPLITUDE  WAS  VARIABLE  FROM  0  TO  200  VOLTS  WITH  AN  OUTPUT  IMPEDANCE  OF  LESS 
THAN  1000  OHMS.  THE  MONOPHASIC  RECTANGULAR  PULSES  DELIVERED  (RISE  TIME  5.0 
MICROSECONDS)  MAY  BE  OF  0.  I,  0.3  OR  1.0  MILLISECOND  DURATION.  AN  ISOLATION 
TRANSFORMER  EXISTS  BETWEEN  THE  STIMULATING  ELECTRODES  AND  THE  NERVE  STIMULATOR. 

8.  Recording  Apparatus.  The  recording  instrumentation  consisted  of  the 

FOLLOW  1 NG  UNITS: 

(I)  Medelec*  Electromyograph,  a  five  inch  monitor  oscilloscope  connected 

IN  PARALLEL  WITH  AN  IDENTICAL  OSCILLOSCOPE  CONNECTED  TO  A  COSSOR  CAMERA.  EACH 
OSCILLOSCOPE  HAD  THREE  CHANNELS  WHICH  ALLOWED  FOR  THE  SIMULTANEOUS  DISPLAY  OF 
(a)  MUSCLE  ACTION  POTENTIALS,  (b)  STRAIN  GAUGE  TENSION  PRODUCED  BY  THE  MUSCLE  IN 
CONTRACTION  AND,  (c)  A  TIME  MARKER  WHICH  ALSO  PROVIDED  A  ZERO  BASELINE  FOR  THE 
TENSION  RECORD.  THE  35MM  COSSOR  CAMERA  WAS  EMPLOYED  FOR  SINGLE  OR  SUPERIMPOSED 
SHOTS  AND  ALSO  FOR  CONTINUOUS  SWEEP  RECORDING  ON  KODAK  PANATOMIC-X  FILM.  A  THIRD 
SINGLE  BEAM  STORAGE  OSCILLOSCOPE  (SKIATRON)**  IN  PARALLEL  WITH  THE  OTHER  TWO 
OSCILLOSCOPES  WAS  EMPLOYED  FOR  BOTH  MONITORING  AND  RECORDING  ANY  OF  THE  PARAMETERS 

RECORDED  ON  THE  OTHER  OSCILLOSCOPE  BEAMS. 

(II)  Direct  recording  oscillograph  (Visicorder  type  1508).  Two  of  the 

TWELVE  AVAILABLE  GALVANOMETERS  WERE  CONNECTED  IN  PARALLEL  WITH  THE  SIGNAL  OUTPUTS 
OF  THE  E.M.G.  AND  STRAIN  GAUGE  AMPLIFIERS.  THE  GALVANOMETER,  USED  FOR  RECORDING 
THE  TENSION  HAD  A  FREQUENCY  RESPONSE  OF  300  C.P.S.,  WHEREAS  THAT  FOR  RECORDING 
THE  EVOKED  MUSCLE  ACTION  POTENTIALS  HAD  A  FREQUENCY  RESPONSE  OF  1000  C.P.S.  THESE 
TRACES  WERE  RECORDED  ON  SPECIAL  SENSITIVE  PAPER  WHERE  THE  RECORDING  BECOMES 
VISIBLE  WHEN  THE  PAPER  IS  EXPOSED  TO  LIGHT. 

9.  Cal i brat i on .  (I)  Tension  -  Following  each  trial  or  change  in  the  gain 

CONTROL  OF  THE  AMPLIFIER,  THE  STRAIN  GAUGE  UNIT  WAS  CALIBRATED  BY  APPLYING  A  TEN 
POUND  WEIGHT  ( F I G .  4)  TO  THE  ME CH AN O-ELE CTR  I  C  TRANSDUCER.  THE  CALIBRATION  WAVE 

*  Custom  made  Electromyograph  by  Medelec  Ltd.,  Woking,  Surrey,  England. 

**  Manufactured  by  Standard  Elektrik  Lorenz  Akt i engesellschoft,  Lorenz  Werke 
Stuttgart. 
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WAS  EITHER  PHOTOGRAPHED  ON  THE  OSCILLOSCOPE  OR  RECORDED  ON  THE  VlSICORDER. 

(II)  Action  potential  -  When  it  became  necessary  to  determine  the  amplitude 

IN  MILLIVOLTS  ( MV )  OF  THE  EVOKED  MUSCLE  ACTION  POTENTIAL,  AN  INTERNAL  CALIBRATOR 
BUILT  INTO  THE  E.M.G.  PREAMPLIFIER  SUPPLIED  A  SQUARE  WAVE  PULSE  OF  KNOWN  AMPLITUDE 
WHICH  WAS  ALSO  EITHER  PHOTOGRAPHED  ON  THE  OSCILLOSCOPE  OR  RECORDED  ON  THE  VlSI¬ 
CORDER. 

C.  SUBJECTS 

1.  Select i on.  Ten  males  and  eight  females  volunteered  to  take  part  in 
THE  STUDY.  THE  SUBJECTS  RANGED  IN  AGE  FROM  22  -  45  YEARS  WITH  AN  AVERAGE  OF  28 
YEARS.  THE  SUBJECTS  WERE  EMPLOYED  IN  THE  REHABILITATION  DEPARTMENT  AT  THE 

University  Hospital  in  Edmonton,  Alberta. 

2.  Group ing.  As  a  matter  of  convenience,  individual  subjects  were  asked 

TO  BELONG  TO  ONE  OF  THREE  GROUPS: 

Group  M_ATt  (Artificial  exercise  -  N  =  9)  -  These  subjects  volunteered  to 

HAVE  THE  ULNAR  INNERVATED  MUSCLES  OF  THEIR  NON-DOMINANT  HANDS  UNDERGO  A  SIX 
SECOND,  DAILY,  TETANIC  CONTRACTION. 

Group  tTVTT  (Voluntary  exercise  -  N  =  5)  -  These  subjects  volunteered  to  try 

TO  DO  A  SIX  SECOND,  DAILY,  MAXIMAL,  VOLUNTARY,  ISOMETRIC  CONTRACTION  OF  THE  ULNAR 
INNERVATED  MUSCLES  OF  THEIR  NON-DOMINANT  HANDS. 

Group  ,rCIT  (_Control  -  N  =  4)  -  These  subjects  made  up  the  control  group. 

They  carried  on  their  normal  everyday  activity.  It  should  be  noted  that  the 

DOMINANT  HANDS  OF  ALL  OF  THE  SUBJECTS  WERE  TESTED  IN  EXACTLY  THE  SAME  WAY  AS  THE 
EXERCISED  NON-DOMINANT  HAND.  THESE  MEASURES  ON  THE  DOMINANT  HAND,  WHICH  UNDER¬ 
WENT  NO  EXERCISE  PROGRAM,  ALSO  ACTED  AS  A  CONTROL  GROUP. 

D.  LOCATION  AND  DURATION  OF  EXPERIMENT 

This  experiment  was  conducted  in  the  Electromyography  Laboratory  of  the 
University  Hospital,  Edmonton,  from  February  20,  1964  to  April  9,  1965.  The 

EXPERIMENTAL  PERIOD  WAS  OF  FIVE  WEEKS*  DURATION. 
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E.  TEST  PROCEDURE 

I.  Tests.  Each  subject  underwent  three  strength  tests  -  grip  tension, 

TETANUS  TENSION  AND  MERTONTS  TENSION,  AND  DATA  WAS  DERIVED  FROM  THE  TETANUS 
TENSION  TO  DETERMINE  THE  FATIGUE-TENSION  RATIO. 

(I)  Grip  tension  -  This  is  the  maximum  tension  the  subject  can  produce 

VOLUNTARILY  IN  THE  THUMB  REGARDLESS  OF  ITS  ANGLE  OF  PULL  OR  ITS  ANATOMICAL 
POS I T I  ON. 

(II)  Tetanus  tension  -  This  is  the  tension  produced  by  the  thumb  when  the 

SUBJECT  HAD  A  SUPRAMAXIMAL  STIMULATION  OF  THE  ULNAR  NERVE  AT  A  FREQUENCY  OF  50 
C.P.S.  FOR  SIX  SECONDS. 

(m)  Mertonts  tension  -  This  is  the  tension  produced  by  the  thumb  when 

THE  SUBJECT  EXERTS  HIS  MAXIMUM  FORCE  ALONG  THE  LINE  OF  PULL  THAT  THE  THUMB  TOOK 
DURING  THE  TETANIC  CONTRACTION,  WHILE  KEEPING  THE  META CAR P 0- P H ALA N G EAL  AND  INTER- 
PHALANGEAL  JOINTS  OF  THE  THUMB  EXTENDED. 

(IV)  Fatigue-tension  ratio  is  the  tetanus  tension  after  two  minutes  of 

CONTINUOUS  STIMULATION  AT  A  FREQUENCY  OF  25  CYCLES  PER  SECOND  DIVIDED  BY  THE 
MAXIMUM  TETANUS  TENSION  ON  INITIAL  STIMULATION  AT  THE  SAME  FREQUENCY. 

2.  Testing  Procedure.  The  purpose  of  the  experiment,  the  mechanical 

APPARATUS,  AND  THE  PROCEDURE  TO  BE  FOLLOWED  WERE  CAREFULLY  EXPLAINED  TO  EACH 
SUBJECT  BEFORE  THE  EXPERIMENT  BEGAN.  THE  SUBJECTS  WERE  NOT  ALLOWED  TO  TRAIN  WITH 
THE  APPARATUS  BEFORE  THEIR  INITIAL  TEST  TRIAL. 

Reliabilities  for  grip  tension,  tetanus  tension,  Mertonts  tension,  and 

FATIGUE-TENSION  RATIO  WERE  ESTABLISHED  BY  TESTING  THE  SUBJECTS  IN  GROUPS  A  AND 
V  ON  SEPARATE  DAYS.  THE  SECOND  TEST  WAS  USED  AS  THE  PRE-TEST  STANDARD  FOR  THESE 

SUBJECTS.  They  were  tested  for  the  above  mentioned  parameters  a  third  time  at 

THE  CONCLUSION  OF  THE  EXPERIMENTAL  PERIOD. 
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The  dominant  hands  of  all  the  subjects  and  the  non-dominant  hands  of  the 
SUBJECTS  IN  Group  _C  WERE  TWICE  tested  for  the  parameters  under  discussion,  once 
AT  THE  BEGINNING  AND  ONCE  AT  THE  END  OF  THE  EXPERIMENT. 

The  tests  were  administered  as  follows: 

(!)  The  subject  assumed  a  supine  position  on  the  bed.  The  skin  area  upon 

WHICH  THE  RECORDING  ELECTRODES  WERE  PLACED  WAS  FIRST  CLEANED  WITH  ALCOHOL.  THE 
RECORDING  AND  INDIFFERENT  ELECTRODES  WERE  THEN  PLACED  ON  THEIR  RESPECTIVE  HAND 
POSITIONS. 

(II)  Positioning  of  recording  electrode  (Fig.  5)  -  A  line  is  drawn  from 

THE  MID-POINT  OF  THE  DISTAL  FLEXOR  WRIST  CREASE  TO  THE  MID-POINT  OF  THE  FLEXOR 
CREASE  OF  THE  THIRD  ME TA C AR P 0- P H AL A N G E AL  JOINT.  THE  MID-POINT  OF  THIS  LINE  IS 
MARKED  WITH  A  CROSS.  TAT 

A  SECOND  LINE  IS  DRAWN  FROM  THE  MID-POINT  OF  THE  DISTAL  FLEXOR  WRIST 
CREASE  TO  THE  MID-POINT  OF  THE  FLEXOR  CREASE  OF  THE  FIRST  METACAR PO-PHALANGEAL 

joint  (No.  2  in  Fig.  5).  One  third  of  the  distance  measured  from  point  tAt  to 

No.  2  IS  MARKED  (E  FlG.  5)  AND  THIS  IS  THE  POSITION  FOR  THE  RECORDING  ELECTRODE. 
The  indifferent  ELECTRODE  is  placed  on  the  flexor  surface  of  the  base  of  the 
FIRST  PHALANX  OF  THE  THUMB. 

(Ill)  The  stimulating  electrode  was  loosely  strapped  to  the  wrist  in  close 

PROXIMITY  TO  THE  ULNAR  NERVE  AT  THE  WRIST. 

(IV)  The  subject  then  placed  his  arm  in  the  cast  mould.  The  strap  and 

CLAMPS  THAT  WERE  USED  TO  STABILIZE  THE  HAND  WERE  LOOSELY  FASTENED  ACROSS  THE 
FOREARM,  WRIST  AND  HAND.  ONCE  THE  COMFORT  OF  THE  SUBJECT  WAS  ASSURED  THE  STRAPS 
HOLDING  THE  FOREARM  AND  HAND  IN  THE  SPLINT  WERE  TIGHTENED. 

(V)  The  grip  tension  of  the  subject  was  recorded  for  six  seconds. 

(VI)  The  straps  were  loosened  and  the  subject  was  allowed  to  rest  for  two 
minutes.  Employing  the  pressure  device,  the  minimal  stimulus  that  was  needed  to 

PRODUCE  A  MAXIMUM  EVOKED  POTENTIAL  FROM  THE  MUSCLE  WAS  DETERMINED.  THE  STRAPS 
WERE  AGAIN  TIGHTENED  SO  THAT  THE  FOREARM  AND  HAND  WERE  HELD  FIRMLY  IN  THE  CAST. 

The  voltage  was  then  increased  10  to  20  percent  and  the  frequency  of  the  nerve 


* 

1  1  T  '  T  .IT  I  :  ■  1 


i  t  r 

< 

1  •  .i  i  i  ,  .*  •  i.  .  V  |  ) 

i 

1  -  I  .  I  I  n  I 

I  •  I  I  T  .1  J  J  V  ;  I 


1 

1 

I 

T  1 

1 

1 

1 

I 


I  I 

I  I 

* 

I 


Messier  -  13 


STIMULATOR  WAS  CHANGED  FROM  ONE  C.P.S.  TO  50  C.P.S. 

(VII)  The  tetanic  tension  of  the  subject  was  recorded  for  six  seconds.  At 

APPROXIMATELY  THE  THREE  SECOND  MARK  THE  VOLTAGE  WAS  INCREASED  AN  ADDITIONAL  10 
TO  20  PERCENT  TO  CHECK  THAT  THE  STIMULUS  WAS  SUPRAMAXIMAL.  THE  ANGLE  TO  WHICH 
THE  OUTER  RACE  TURNED  WAS  RECORDED. 

(VIII)  The  STRAPS  WERE  loosened,  the  pressure  device  was  released  and  the 

SUBJECT  WAS  ALLOWED  TO  REST  FOR  TWO  MINUTES.  THE  FOREARM  AND  HAND  WERE  AGAIN 
STRAPPED  FIRMLY  IN  THE  RACE. 

(IX)  Mertonts  tension  was  recorded  for  six  seconds.  Before  and  during  the 

RECORDING  OF  THE  GRIP  TENSION  AND  MERTONTS  TENSION,  THE  SUBJECT  WAS  URGED  TO  DO 
H  I  S  VERY  BEST. 

(X)  The  STRAPS  WERE  AGAIN  LOOSENED  AND  THE  SUBJECT  WAS  ALLOWED  TO  REST 
FOR  TWO  MINUTES.  UTILIZING  THE  PRESSURE  DEVICE,  THE  MINIMAL  STIMULUS  THAT  WAS 
NEEDED  TO  PRODUCE  A  MAXIMUM  EVOKED  POTENTIAL  WAS  AGAIN  DETERMINED.  THE  FOREARM 
AND  HAND  WERE  FIXED  TIGHTLY  IN  THE  RACE.  THE  VOLTAGE  WAS  INCREASED  TEN  TO  TWENTY 
PERCENT  AND  THE  FREQUENCY  OF  THE  NERVE  STIMULATOR  WAS  CHANGED  FROM  ONE  C.P.S.  TO 
25  C.P.S. 

(XI)  This  stimulus  was  then  applied  to  the  ulnar  nerve  at  the  wrist  con¬ 
tinuously  FOR  A  PERIOD  OF  TWO  MINUTES.  THE  VOLTAGE  WAS  INCREASED  AN  ADDITIONAL 
10  TO  20  PERCENT  FOR  ONE  TO  TWO  SECONDS  AT  THE  FIVE  SECOND  AND  THE  15  SECOND 

Mark  to  insure  that  the  stimulus  was  supramaximal.  After  two  minutes  it  was  dis¬ 
continued  AND  TURNED  ON  FOR  FIVE  SECOND  INTERVALS  AT  THE  2,  10,  25,  60,  90,  120 

SECOND  MARKS  DURING  THE  RECOVERY.  THE  TENSION  AS  WELL  AS  THE  E. M. G.  WERE  RECORD¬ 
ED  FOR  THE  FATIGUE  CURVE  AND  ITS  RECOVERY. 

(XII)  After  he  had  taken  his  arm  out  of  the  race  complex,  it  was  stressed 

TO  THE  SUBJECT  THAT  HE  WAS  UNDER  NO  OBLIGATION  TO  CONTINUE  WITH  THE  EXPERIMENT, 
AND  THAT  HE  DID  NOT  HAVE  TO  REPORT  TO  THE  LABORATORY  THE  NEXT  DAY  IF  HE  DID  NOT 
WANT  TO. 
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3.  Experimental  Procedure. 

(I)  Artificial  exercise  -  At  approximately  the  same  time  of  day,  the 

SUBJECTS  EXERCISED  FIVE  DAYS  A  WEEK  FOR  A  PERIOD  OF  FIVE  WEEKS.  THE  EXPERIMENTAL 
PROCEDURE  WHICH  WAS  FOLLOWED  FOR  GROUP  /\  IS  AS  FOLLOWS: 

(a)  The  subjects  assumed  a  supine  position  on  the  bed.  When  position  tEt 

WAS  LOCATED,  THE  SURFACE  OF  THE  SKIN  WAS  SCRATCHED  SO  THAT  IT  WOULD  NOT  BE 
NECESSARY  TO  MAKE  THE  MEASUREMENTS  EACH  DAY.  THE  SKIN  WAS  CLEANED  WITH  ALCOHOL 
AND  THE  RECORDING  ELECTRODES  WERE  PLACED  IN  POSITION.  THE  STIMULATING  ELECTRODE 
WAS  LOOSELY  STRAPPED  TO  THE  WRIST  IN  CLOSE  PROXIMITY  TO  THE  ULNAR  NERVE  AT  THE 

WR  I  ST. 

( B )  The  SUBJECT  PLACED  HIS  ARM  IN  THE  CAST  MOULD.  THE  STRAPS  WERE  LOOSELY 
FASTENED  ABOUT  THE  FOREARM,  WRIST  AND  HAND.  ONCE  AGAIN  THE  PRESSURE  DEVICE  WAS 
USED  IN  DETERMINING  THE  MINIMAL  VOLTAGE  NECESSARY  TO  ELICIT  THE  MAXIMUM  EVOKED 
POTENTIAL.  THE  VOLTAGE  WAS  THEN  INCREASED  10  TO  20  PERCENT  AND  THE  FREQUENCY 
OF  THE  NERVE  STIMULATOR  WAS  CHANGED  FROM  ONE  C.P.S.  TO  50  C.P.S.  THE  HAND  WAS 
FIXED  INTO  PLACE  WITH  THE  CLAMPS. 

(c)  The  tetanic  tension  of  the  subject  was  recorded  for  a  period  of  six 
seconds.  At  approximately  the  three  second  mark  the  voltage  was  increased  an 

ADDITIONAL  10  TO  20  PERCENT  TO  CHECK  THAT  THE  STIMULUS  WAS  SUPRAMAXIMAL.  THE 
ANGLE  TO  WHICH  THE  OUTER  RACE  TURNED  WAS  RECORDED. 

(d)  The  subject  was  then  released  from  the  race  complex. 

(II)  Voluntary  exercise  -  The  experimental  procedure  which  was  followed 
for  Group  \/  is  as  follows: 

(a)  The  subject  assumed  a  supine  position  on  the  bed  and  immediately 

PLACED  HIS  HAND  IN  THE  CAST  MOULD.  THE  STRAP  AND  CLAMPS  WERE  FITTED  TIGHTLY 
ABOUT  THE  FOREARM  AND  HAND. 

(b)  Mertonts  TENSION  WAS  RECORDED  FOR  A  PERIOD  OF  SIX  SECONDS. 

(c)  The  subject  was  then  released  from  the  race  complex. 
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CHAPTER  I  I  I 
RESULTS 

A.  RELIABILITY  COEFFICIENTS* 

The  reliability  coefficients  of  the  four  parameters  measured  were  cal¬ 
culated  ON  A  TEST-RETEST  BASIS.  THEY  ARE  AS  FOLLOWS: 

1.  Grip  tension  (N  =  13)  -  .694 

2.  Tetanic  tension  (N  =  14)  -  .884 

3.  Mertonts  tension  (N  =  14)  -  .704 

4.  Fatigue  -  Tension  ratio  (N  =  13)  -  .96 

B.  TESTS  OF  S  IGN IF  ICANCE** 

The  tests  of  significance  used  to  determine  the  t-ratios  of  the  above 

PARAMETERS  FOR  GROUPS  _A,  _V,  AND  _C  IS  OUTLINED  BY  FERGUSON. 

I.  Artificial  Exercise  -  Group  A  (N  =  9).  After  5  weeks  of  daily  tetanic 

CONTRACTIONS,  9  SUBJECTS  SHOWED  (TABLE  IV)  AN  INCREASE  IN  GRIP  TENSION  FROM  AN 
INITIAL  MEAN  OF  28.4  POUNDS  TO  A  FINAL  MEAN  OF  3 I . 34  POUNDS. 

This  represents  a  mean  increase  of  2.94  pounds  with  a  standard  deviation 
(S.D.)  of  1.99.  These  results  are  significant  at  the  0.01  level  of  significance. 

These  same  subjects  demonstrated  (Table  V)  an  increase  in  tetanic  tension 
FROM  AN  INITIAL  MEAN  OF  14.32  POUNDS  TO  A  FINAL  TENSION  OF  16.03  POUNDS.  THIS 
REPRESENTS  AN  INCREASE  OF  1.71  POUNDS  (S.D.  =  l.l)  WHICH  IS  SIGNIFICANT  AT  THE 
0.01  LEVEL  OF  CONFIDENCE. 

Group  A  did  not  show  significant***  changes  in  either  Mertonts  tension  or 
THE  FATIGUE-TENSION  RATIO,  WHICH  HAD  MEAN  DIFFERENCES  OF  0.5  (S.D.  =  0.056)  AND 
0.18  (S.D.  =  0.023)  RESPECTIVELY. 

2.  Voluntary  Exercise  -  Group  V  (N  =  5).  The  subjects  who  exercised  by 

DOING  A  DAILY,  SIX  SECOND,  MAXIMUM,  VOLUNTARY,  ISOMETRIC  CONTRACTION  DID  NOT  SHOW 

*  Tables  I  and  I  I. 

**  Table  III. 

***  The  0.05  level  of  confidence  was  the  minimum  level  accepted  for  significance. 
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STATISTICALLY  SIGNIFICANT  CHANGES  IN  ANY  OF  THE  FOUR  PARAMETERS  MENTIONED  ABOVE, 

The  mean  differences  with  their  standard  deviations  are  as  follows: 


Gr  I  P  TENS  I  ON 


3.91  (S.D.  =  4.3) 


TETAN I C  TENSION 


2.24  (S.D.  =  3.6) 


Mertonts  tension 


1.58  (S.D.  =  4.6) 


Fatigue-tension  ratio  0.017  (S.D.  =  l.l) 

3.  Control  Group  C  (N  =  4).  This  control  group  also  did  not  demonstrate 

STATISTICALLY  SIGNIFICANT  CHANGES  IN  ANY  OF  THE  FOUR  PARAMETERS  UNDER  DISCUSSION, 

The  mean  differences  for  the  exercised  hand  in  Group  C  subjects  were: 


Grip  tension 


2.35  (S.D.  =  1.7) 


Tetan i c  tens i on 


. 17  (S.D.  =  1.8) 


Mertonts  tension 


0.  15  (S.D.  =  1.5) 


Fatigue-tension  ratio  0.23  (S.D.  =  0.08) 

For  groups  _A  and  \/  the  control  measures  taken  on  the  dominant  hand  also  did  not 

SHOW  ANY  SIGNIFICANT  CHANGES  IN  GRIP  TENSION,  TETANIC  TENSION,  MERTONTS  TENSION, 
OR  THE  FATIGUE-TENSION  RATIO.  THE  MEAN  DIFFERENCES  FOR  THE  DOMINANT  HAND  IN 

Groups  A,  \/>  AND  £  were  as  follows: 


Group  A 


Group  V 


Group  C 


—— 

Gr  1  P  TENS  1  ON 

1.84 

CO 

• 

O 

• 

II 

4.59) 

2.38 

(S.D.  =  3.  1 ) 

3.1  (S.D. 

=  4.0) 

Tetan i c  tension 

0.83 

(S.D.  = 

1.5  ) 

0.56 

(S.D.  =  1.9) 

1.03  (S.D. 

=  2.  1) 

Mertonts  tension 

0.  133 

(S.D.= 

1.6  ) 

1.8 

(S.D.  =  3.0) 

1.30  (S.D. 

=  1.3) 

Fatigue-tension  ratio 

0.0  1 

(S.D.  = 

1.07) 

-0.074 

(S.D. =0.075) 

-0. 02 (S. D. 

=0.0  1  ) 
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IV 

D ISCUSS ION 

A.  Information  Gained  from  Pilot  Studies 

B.  Control  of  Variables 

C.  Reliability 

D.  Limitations  of  the  Study 

E.  Effects  of  Artificial  Exercise 

F.  Effects  of  Voluntary  Exercise 


CHAPTER  IV 


DISCUSSION 

A.  INFORMATION  GAINED  FROM  PILOT  STUDIES 

In  USING  MERTONrS  APPARATUS,  PROBLEMS  WERE  ENCOUNTERED  WHICH  NECESSITATED 
A  NUMBER  OF  PILOT  PROJECTS  WHICH  PROVIDED  INFORMATION  ON  A  NUMBER  OF  NOTEWORTHY 
PO I  NTS. 

I.  Mechanical  Apparatus.  The  mechanical  device  which  was  used  in  this 

EXPERIMENT  WAS  MODELLED  AFTER  THAT  DESCRIBED  BY  MERTON.  ALTHOUGH  THE  PROBLEMS 

INVESTIGATED  BY  MERTON  WERE  NOT  DIRECTLY  RELATED  TO  THE  PROBLEMS  IN  THIS  STUDY, 

HIS  INGENIOUS  CONTRIVANCE  WAS  ALMOST  IDEAL  FOR  A  WELL  CONTROLLED  INVESTIGATION 

OF  THE  EFFECTS  OF  ARTIFICIAL  STIMULATION  ON  MUSCLE  STRENGTH  AND  FATIGUE. 

MERTONtS  RATIONALE  FOR  SELECTING  THE  ADDUCTOR  POLLICIS  AND  THIS  PARTICULAR 

TECHNIQUE  FOR  A  STUDY  OF  MUSCLE  STRENGTH  AND  FATIGUE  FOLLOWS,  INTERSPERSED  WITH 

COMMENTS  ABOUT  THE  MANNER  IN  WHICH  IT  WAS  UTILISED  IN  THIS  STUDY. 

ttTHE  GREAT  ADVANTAGE  OF  THE  ADDUCTOR  POLLICIS  MUSCLE  IS  THAT 
UNDER  APPROPRIATE  CONDITIONS  IT  IS  THE  ONLY  ULNAR  SUPPLIED 
MUSCLE  ACTING  ON  THE  THUMB  AND  ALSO  THE  ONLY  MUSCLE  USED  IN 
VOLUNTARY  ADDUCTION.  THUS  VOLUNTARY  FORCE  AND  TENSION  DEVELOPED 
WITH  ELECTRICAL  STIMULATION  CAN  BE  COMPARED  IN  REASONABLE 
CERTAINTY  THAT  THE  SAME  MUSCLE  MASS  IS  PRODUCING  BOTH.  THE 
MUSCLES  THAT  MAY  INTERFERE  IN  THE  COMPARISON  BY  CONTRIBUTING  TO 
THE  VOLUNTARY  TENSION  ARE  THE  MEDIAN  SUPPLIED  MUSCLES  OF  THE 
THENAR  EMINENCE  (PARTICULARLY  THE  OPPONENS  POLLICIS),  THE  FLEXOR 
POLLICIS  LONGUS,  AND  THAT  PART  OF  THE  FIRST  DORSAL  INTEROSSEUS 
MUSCLE  THAT  ARISES  FROM  THE  FIRST  METACARPAL . ,T  (21:554). 

ROWNTREE  REPORTS  THAT  THE  CLASSICAL  CASE  WHERE  THE  ULNAR  NERVE  INNERVATES 

THE  ABDUCTOR  DIGITI  QUINTI,  THE  INTEROSSEI,  AND  THE  ADDUCTOR  POLLICIS  MUSCLES 

OCCURRED  IN  ONLY  33  PERCENT  OF  THE  124  CASES  HE  STUDIED.  FOR  THE  PURPOSES  OF 

THIS  EXPERIMENT  IT  IS  OF  LITTLE  CONSEQUENCE  IF  THIS  IS  THE  CASE  IN  OUR  SUBJECTS 

OR  NOT  FOR  AS  LONG  AS  THE  SUBJECT  PULLED  ALONG  THE  ANGLE  THE  THUMB  TAKES  DURING 

A  TETANIC  CONTRACTION  THE  MUSCLES  INNERVATED  BY  THE  ULNAR  NERVE  WILL  PROBABLY 

CONTRIBUTE  THE  GREATER  PORTION  OF  THE  TENSION  PRODUCED  BY  A  VOLUNTARY  CONTRACTION 

AS  THIS  STUDY  IS  NOT  PRIMARILY  CONCERNED  WITH  THE  COMPARISON  OF  THE  VOLUN¬ 


TARY  FORCE  AND  THE  TENSION  DEVELOPED  WITH  ELECTRICAL  STIMULATION,  THE  PROBLEM  OF 
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WHETHER  OR  NOT  THE  ADDUCTOR  POLL  I  C  I  S  MUSCLE  IS  THE  ONLY  MUSCLE  USED  IN  VOLUNTARY 
ADDUCTION  WILL  NOT  BE  DISCUSSED. 

Merton  goes  on  to  detail  the  method  by  which  the  influence  of  the  opponens 
POLL  1 C  I  s  is  eliminated: 

tT . The  axis  of  rotation  of  the  ballbearing  race  was  approx¬ 

imately  COINCIDENT  WITH  THE  THIRD  METACARPAL,  THE  BONE  FROM 
WHICH  THE  ADDUCTOR  POLL  I C I S  ARISES.  WHEN  THIS  MUSCLE  CONTRACTED 
THERE  SHOULD  BE  LITTLE  TENDENCY  FOR  THE  RACE  TO  TURN.  THE 
OPPONENS  MUSCLE,  HOWEVER,  PASSES  TO  THE  PALMAR  SIDE  OF  THE  AXIS, 

AND  WHEN  IT  CONTRACTS  THE  RACE  SHOULD  TURN  IN  DIRECTION  OF 
THUMB  OPPOSITION.  IN  PRACTICE,  THE  LINE  OF  THE  AXIS  WAS  SO 
ADJUSTED  THAT  WHEN  THE  ULNAR  NERVE  WAS  TETANIZED  ALONE  THE  RACE 
TOOK  UP  A  POSITION  WITH  THE  THUMB  A  LITTLE  FORWARD  OF  THE  PLANE 
OF  THE  PALM,  BUT  WHEN  THE  MEDIAN  NERVE  WAS  SIMULTANEOUSLY  EX¬ 
CITED  A  LARGE  MOVEMENT  OF  OPPOSITION  TOOK  PLACE.  WITH  BRIEF 
VOLUNTARY  EFFORTS  IT  IS  FOUND  THAT  THE  TENSION  THAT  CAN  BE  EX¬ 
ERTED  IS  NOT  OBVIOUSLY  INCREASED  BY  THE  USE  OF  THE  OPPONENS  IF 
THE  RACE  IS  FREE  TO  TURN.  PRESUMABLY  BOTH  MUSCLES  ARE  THEN 
WORKING  AT  A  LESSER  MECHANICAL  ADVANTAGE.  If  THE  RACE  IS  CLAMPED, 

USE  OF  THE  OPPONENS  GIVE  ABOUT  A  30%  INCREASE  IN  TENSION...”  (21:554). 

With  the  apparatus  used  in  this  study,  the  subject  could  very  significant¬ 
ly  INCREASE  THE  TENSION  BY  BRINGING  THE  OPPONENS  POLLICIS  INTO  USE.  HENCE  HE 
WAS  NOT  ALLOWED  TO  SWING  THE  RACE  OFF  THE  ANGLE,  ESTABLISHED  FROM  THE  TETANIC 
CONTRACTION,  WHILE  HE  WAS  RECORDING  MERTONTS  TENSION.  MERTON  CONTINUES: 

,tTHE  ACTION  OF  THE  FLEXOR  POLLICIS  LONGUS  WAS  RENDERED  IN¬ 
APPRECIABLE  FIRSTLY  BY  ENCOURAGING  THE  SUBJECT  NOT  TO  FLEX 
THE  PHALANGES  OF  THE  THUMB,  AND  SECONDLY  BY  AN  AUTOMATIC  COM¬ 
PENSATION  IN  THE  TENSION  RECORDER.  THE  LATTER  CONSISTS  OF  AN 
INVERTED  STEEL  U-MEMBER  DISPOSED  SO  THAT  THE  PULL  OF  THE  THUMB 
DIVERGES  THE  LIMBS,  THE  TRANSDUCER  MEASURING  THE  DIVERGENCE. 

For  a  given  force  the  largest  reading  is  obtained  when  the  DIR¬ 
ECTION  OF  PULL  IS  NOT  PARALLED  TO  THE  LINE  JOINING  THE  ENDS  OF 
THE  LIMBS  BUT  MAKE  AN  ANGLE  OF  ABOUT  30°  ABOVE  THE  HORIZONTAL. 

When  the  proximal  phalanx  is  flexed,  however,  the  line  of  pull 

BECOMES  MORE  NEARLY  HORIZONTAL  SO  THAT  THE  SAME  TENSION  PRO¬ 
DUCES  A  SMALLER  DEFLECTION  ON  THE  RECORD.  THE  DIMENSIONS  OF  THE 
SYSTEM  ARE  SUCH  THAT  THE  MAXIMUM  TENSION  A  SUBJECT  CAN  RECORD  IS 
LITTLE  AFFECTED  BY  THE  FLEXION  OF  THE  PHALANGES,  THE  INCREASE 
DUE  TO  USE  OF  THE  LONG  FLEXOR  BEING  OFFSET  BY  THE  LESS  EFFECTIVE 
DIRECTION  OF  PULL . ”  (21:555). 

The  characteristics  of  the  transducer  employed  in  this  experiment  were 

SUCH  THAT  FOR  A  GIVEN  FORCE  THE  LARGEST  READING  WAS  OBTAINED  WHEN  THE  DIRECTION 
OF  THE  PULL  WAS  PERPENDICULAR  TO  THE  SINGLE  STEEL  MEMBER  ( F I G .  2).  AS  THE 
PROXIMAL  PHALANX  IS  FLEXED,  THE  LINE  BECOMES  MORE  NEARLY  HORIZONTAL  RESULTING  IN 
THE  SAME  FORCE  PRODUCING  A  SMALLER  DEFLECTION  ON  THE  MONITOR  OSCILLOSCOPE  OR 
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visicorder.  However  with  this  device,  if  the  subject  flexes  his  thumb,  the 

ADDED  TENSION  PRODUCED  BY  THE  FLEXOR  POLLlClS  LONGUS  IS  SIGNIFICANTLY  LARGER 
THAN  THE  LOSS  OF  TENSION  RESULTING  FROM  THE  LESS  EFFECTIVE  ANGLE  OF  PULL  ON 
THE  TRANSDUCER.  CONSEQUENTLY  ALL  OF  THE  SUBJECTS  WERE  INSTRUCTED  NOT  TO  FLEX 
THEIR  THUMBS  WHEN  THEY  WERE  DOING  THE  EXERCISE  DESCRIBED  UNDER  THE  SUB-HEADING 

Merton f s-tens i on  in  Chapter  M. 

Merton  continues: 

"Any  contribution  of  the  first  dorsal  interosseus  muscle  was 

MINIMIZED  BY  CUTTING  AWAY  THE  SPLINT  SO  THAT  THERE  IS  NOTHING 
AGAINST  WHICH  TO  BRACE  THE  INDEX  FINGER,  INTO  WHICH  IT  IS  IN¬ 
SERTED.  If,  despite  this  precaution,  a  small  component  of 

TENSION  FROM  THE  INTEROSSEUS  STILL  REMAINS  IT  IS  OF  LITTLE  IM¬ 
PORTANCE,  FOR  THIS  MUSCLE  IS  ALSO  SUPPLIED  BY  THE  ULNAR  NERVE... 

. "  (2  1:555). 

For  the  purposes  of  this  study  the  elimination  of  the  influence  of  the 

FIRST  DORSAL  INTEROSSEUS  IS  NOT  SIGNIFICANT  AS  IT  IS  ONLY  RARELY  NOT  SUPPLIED 

BY  THE  ULNAR  NERVE  WHICH  MEANS  THAT  DURING  ELECTRICAL  STIMULATION  IT  IS  BEING 

TETANIZED  AND  THUS  CONTRIBUTING  TO  THE  ESTABLISHMENT  OF  THE  ANGLE  OF  PULL  OF 
THE  THUMB.  WHEN  THE  SUBJECT  VOLUNTARILY  PULLS  ALONG  THIS  ANGLE,  PRESUMABLY, 

THE  FIRST  DORSAL  INTEROSSEUS  IS  CONTRACTING  AND  CONTRIBUTING  TO  THE  TOTAL  FORCE 

WHICH  IS  DEVELOPED. 

2.  Mertonts  Tension.  During  the  test  trials  for  Mertonts  tension  no  time 

LIMIT  WAS  PLACED  ON  THE  SUBJECT,  HE  WAS  SIMPLY  ASKED  TO  PRODUCE  THE  MAXIMUM 
AMOUNT  OF  TENSION  HE  POSSIBLY  COULD  ALONG  THE  LINE  OF  PULL  ADOPTED  BY  THE  TETANIC 

tension.  Usually  this  maximum  was  reached  within  six  seconds.  For  the  exercise 

PROGRAM  THE  SUBJECT  WAS  ASKED  TO  PRODUCE  HIS  MAXIMUM  TENSION  AND  HOLD  IT  FOR  SIX 

seconds.  Usually  the  entire  contraction  lasted  less  than  10  seconds. 

It  would  enhance  the  design  of  this  experiment  if  both  experimental  groups 

DID  AS  NEAR  AS  POSSIBLE  THE  SAME  AMOUNT  OF  EXERCISE.  THE  WORKING  HYPOTHESIS  FOR 
THE  COMPARISON  OF  MERTONtS  TENSION  AND  THE  TETANIC  TENSION  IS  THAT  THEORETICALLY 
VIRTUALLY  ALL  OF  MERTONtS  TENSION  IS  DEVELOPED  BY  THE  SAME  MUSCLES  THAT  ARE 
RESPONSIBLE  FOR  THE  TENSION  IN  A  TETANIC  CONTRACTION,  NAMELY  THE  ULNAR  SUPPLIED 
MUSCLES  OF  THE  THUMB  AND  THAT  IT  IS  POSSIBLE  FOR  THE  VOLUNTARY  FORCE  PRODUCED  BY 
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THESE  MUSCLES  TO  EQUAL  THE  TETANIC  TENSION  OF  THESE  SAME  MUSCLES  (21  ). 

3.  Gr i p  Tens i on .  Grip  tension  was  introduced  into  the  design  of  the 

EXPERIMENT  DURING  PILOT  STUDIES  BECAUSE  IT  WAS  THOUGHT  THAT,  SINCE  IT  IS  VERY 
SIMILAR  TO  A  NORMAL  GRIP,  THAT  THIS  VOLUNTARY  EXERCISE  COULD  BE  DONE  WITH  A 
HIGHER  DEGREE  OF  RELIABILITY  THAN  THE  EXERCISE  ASSOCIATED  WITH  MERTONTS  TENSION 
WHICH  IS  AN  UNNATURAL  MOVEMENT  AND  DIFFICULT  TO  PERFORM  WITHOUT  A  NUMBER  OF 
TRA  I  N  I  NG  TR  I ALS. 

4.  St  I MULAT I  ON .  The  most  reliable  and  effective  stimulus  was  given  to 

THE  SUBJECT  WHEN  THE  STIMULATING  ELECTRODES  DESCRIBED  UNDER  METHODS  WERE  USED 
AND  WHEN  THE  ANODE  WAS  PLACED  DORSAL  AND  PROXIMAL  TO  THE  CATHODE. 

With  the  cathode  just  strapped  to  the  wrist,  it  was  exceedingly  difficult 

TO  MAINTAIN  A  MAXIMAL  STIMULUS  BECAUSE  UPON  STIMULATION  FLEXOR  CARPI  ULNAR  I S 
CONTRACTS  CAUSING  ITS  TENDON  TO  BECOME  TAUT  LIFTING  OR  MOVING  THE  CATHODE  OFF 
THE  ULNAR  NERVE.  To  ENSURE  THAT  A  MAXIMAL  STIMULATION  WAS  MAINTAINED  A  PRESSURE 
ARM  WAS  USED.  THIS  DEVICE  ALLOWED  FOR  THE  ULNAR  NERVE  TO  BE  MORE  EFFECTIVELY 
COMPRESSED  RESULTING  IN  A  DROP  IN  THE  VOLTAGE  REQUIRED  FOR  A  MAXIMAL  STIMULATION. 

In  an  additional  effort  to  ensure  supramaximal  stimulation,  the  stimu¬ 
lating  VOLTAGE  WAS  INCREASED  UP  TO  40%  OVER  THE  THRESHOLD  MAXIMUM  VOLTAGE,  FOR 
A  FEW  SECONDS  AT  A  TIME  TO  SEE  IF  THERE  WAS  ANY  INCREASE  IN  AMPLITUDE  AFTER 
EVOKED  POTENTIAL  INDICATING  THAT  THE  STIMULUS  WAS  SUBMAXIMAL. 

5.  Muscle  Tension  Related  To  Muscle  Length.  It  is  well  known  that  the 

AMOUNT  OF  TENSION  THAT  CAN  BE  PRODUCED  BY  A  MUSCLE  INCREASES  AS  THE  LENGTH  OF 
THE  MUSCLE  INCREASES  UP  TO  A  OPTIMUM  LENGTH  AFTER  WHICH  THE  TENSION  DECREASES. 

This  fact  can  be  readily  verified  by  using  Mertonts  apparatus  and  electrical 

STIMULATION.  To  MINIMIZE  THIS  VARIABLE  A  PLASTER  MOULD  WAS  MADE  FOR  THE  HAND, 
THREE  STRAPS  WERE  PLACED  ACROSS  THE  SUBJECTS  ARM  AND  HAND,  AND  AFTER  EVERY  TRIAL 
THE  HOLE  NUMBER*  INDICATING  THE  LENGTH  OF  THE  MUSCLE  WAS  NOTED.  THIS  NUMBER 
VARIED  LITTLE  FROM  DAY  TO  DAY  FOR  EACH  INDIVIDUAL  SUBJECT. 

*  The  steel  plate  connecting  the  wire  from  the  thumb  to  the  transducer  was 

PAINTED  DIFFERENT  COLORS  EVERY  FOUR  HOLES. 
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The  farther  back  the  thumb  was  pulled  the  higher  the  level  of  the  resting 
tension.  Therefore  as  an  added  precaution  all  of  the  measurements  were  taken 

FROM  THE  RESTING  LEVEL. 

6.  Position  Of  Arm  and  Hand.  The  amount  of  tension  produced  in  either  a 

VOLUNTARY  EFFORT  OF  TETANIC  CONTRACTION  COULD  BE  GREATLY  INFLUENCED  BY  THE 
POSITION  OF  THE  ARM  AND  HAND  IN  THE  SPLINT.  To  ELIMINATE  MOVEMENT  AS  FAR  AS 
POSSIBLE  A  STRAP  WAS  PLACED  ACROSS  THE  FOREARM  TO  PREVENT  THE  SUBJECT  FROM  PULL¬ 
ING  HIS  ARM  OUT  OF  THE  SPLINT  AND  A  CLAMP  WAS  TIGHTENED  ACROSS  THE  PROXIMAL 
PORTION  OF  THE  CARPAL  BONES  SO  THAT  THE  SUBJECT  COULD  NOT  ROTATE  OR  EXTEND  HIS 
WRIST.  TO  ELIMINATE  THE  FORCE  CONTRIBUTED  BY  FLEXING  THE  FINGERS  A  CLAMP  WAS 
PUT  ACROSS  THE  PALM  OF  THE  HAND  BELOW  THE  HEADS  OF  THE  METACARPALS,  AND  THE 
DISTAL  FLEXOR  CREASE  OF  THE  PALM.  THE  EFFECTIVENESS  OF  THIS  ARRANGEMENT  IS 
ATTESTED  TO  BY  THE  FACT  THAT  THE  ANGLE  OF  PULL  THE  THUMB  TOOK  DURING  A  TETANIC 
CONTRACTION  WAS  EXTREMELY  CONSISTENT  FOR  EACH  INDIVIDUAL  SUBJECT  AND  ALSO  THAT 
SUCCESSIVE  MEASURES,  WITH  THE  SUBJECT  BEING  RELEASED  FROM  RACE  AND  THEN  PLACING 
HIS  HAND  IN  AGAIN,  OF  GRIP  TENSION  AND  TETANIC  TENSION  WERE  ALMOST  IDENTICAL. 

B.  CONTROL  OF  VARIABLES 

A  NUMBER  OF  VARIABLES  WHICH  HAVE  BEEN  FOUND  TO  INFLUENCE  THE  STRENGTH  OR 
FATIGUE  SCORES  OF  INDIVIDUALS  AND  HOW  THEY  WERE  CONTROLLED  IN  THIS  STUDY  ARE  AS 

FOLLOWS  : 

I.  Time  Of  Day.  Some  investigators  have  found  that  the  strength  of  in¬ 
dividuals  WAS  GREATER  IN  THE  AFTERNOON  THAN  IN  THE  MORNING  (DARCUS,  BECHTAL, 
Wright).* 

Hislop  suggests  that: 

,tThe  magnitude  of  difference  between  morning  and  afternoon 

STRENGTH  IS  PROBABLY  NOT  SUFFICIENT  TO  MAKE  ITSELF  MANIFEST 
IN  A  MANUAL  MUSCLE  TEST,  NEVERTHELESS,  CONSIDERATION  SHOULD  BE 
GIVEN  TO  UNIFORM  TIMES  OF  TESTING  IN  THE  CLINIC. ,T  (II: 37 ) 

Therefore  in  an  effort  to  control  the  variables  as  much  as  possible  the 

SUBJECTS  WERE  TESTED  AND  EXERCISED  AT  APPROXIMATELY  THE  SAME  TIME  OF  DAY. 

*  Cited  in  Hislop,  H.  J.,  "Quant i tat i ve  Changes  in  Human  Muscular  Strength  Dur¬ 
ing  Isometric  Exercise."  J.A.  P.T.A.,  Vol.  43,  No.  I,  pp.  21-38. 
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2.  Soc I AL  FAC  I L  I  TAT  I  ON .  A  NUMBER  OF  AUTHORS  HAVE  ESTABLISHED  THAT  VOLUN¬ 
TARY  PERFORMANCE  MAY  BE  ALTERED  BY  THE  SOCIAL  STRUCTURE  OF  THE  TESTING  SITUATION 

(7,  16,  22).  Consequently  only  three  people  were  present  in  the  laboratory  while 

THE  SUBJECTS  WERE  BEING  TESTED.  THEY  WERE  Mr .  Ed.  KLEEBAUM,  LAB.  TECHNICIAN, 

Dr.  M.T.F.  Carpendale,  Director  of  the  Rehabilitation  Department  at  the  Univer¬ 
sity  of  Alberta  and  the  writer. 

3.  Motivation  Of  The  Subject.  The  testing  and  experimental  procedure 

WAS  THE  SAME  FOR  EACH  SUBJECT.  HE  WAS  VERBALLY  FAMILIARIZED  WITH  THE  TESTING 
PROCEDURE  AND  THE  APPARATUS.  fN  ORDER  NOT  TO  ENHANCE  THE  SECOND  LIMITATION  THE 
SUBJECTS  WERE  NOT  ALLOWED  ANY  PRE-EX  PER  I  MEN TAL  TRIALS  ON  THE  APPARATUS. 

In  PRELIMINARY  STUDIES  IT  WAS  DECIDED  THAT  A  METER  REGISTERING  THE  TENSION 
EXERTED  ENABLED  THE  SUBJECT  TO  BETTER  HIS  PERFORMANCE.  THIS  GAUGE  WAS  PLACED  IN 
FRONT  OF  THE  SUBJECT  WHILE  THE  GRIP  TENSION  WAS  BEING  RECORDED.  IT  WAS  NOT  USED 
WHILE  MERTONTS  TENSION  WAS  BEING  RECORDED  BECAUSE  THE  SUBJECTrS  ATTENTION  WOULD 
BECOME  DIVIDED  AND  HE  WOULD  NOT  MAINTAIN  THE  ANGLE  OF  PULL. 

4.  Frequency  For  Tetan i zat i on .  The  evidence  that  the  tetanizing  fre¬ 
quency  OF  50  MAXIMAL  SHOCKS  PER  SECOND  IS  SUFFICIENT  TO  PROVIDE  FOR  A  COMPLETE 
TETANUS  IS  AS  FOLLOWS: 

(I)  Bigland  and  Lippold  found  that  the  frequency  of  discharge  of  motor 

UNITS  IN  THE  ADDUCTOR  POLLICIS  AND  ABDUCTOR  DIGIT!  QU  I  NT  I  NEVER  EXCEEDED  50  PER 
SECOND . 

(II)  Lindsley  determined  the  frequency  range  of  individual  motor  units  in 

VOLUNTARY  MUSCLE  CONTRACTIONS.  He  INVESTIGATED  SEVERAL  MUSCLES  AND  THE  HIGHEST 
FREQUENCY  OBSERVED  WAS  50  PER  SECOND.  THE  DISCUSSION  OF  THIS  ARTICLE  INCLUDES 
ADDITIONAL  REFERENCES  WITH  REGARD  TO  THE  NUMBER  OF  STIMULI  NECESSARY  TO  PRODUCE 
A  COMPLETE  TETANUS. 

(Ill)  Merton  showed  that  the  amount  of  tension  developed  by  the  muscle 

INCREASED  AS  THE  FREQUENCY  INCREASED  UP  TO  50  MAXIMAL  SHOCKS  PER  SECOND,  AFTER 
WHICH  A  RISE  IN  FREQUENCY  DID  NOT  INCREASE  THE  TETANIC  TENSION. 

However  it  has  been  found  on  two  subjects  in  this  study  that  a  maximal 
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STIMULUS  GIVEN  AT  A  RATE  OF  100  C.P.S.  WOULD  RESULT  IN  A  10%  INCREASE  IN  THE 
TENSION  PRODUCED  BY  A  FREQUENCY  OF  50  C.P.S.  PRESUMABLY  THE  FREQUENCY  AT  WHICH 
A  COMPLETELY  FUSED  TETANUS  WILL  OCCUR  MAY  VARY  FROM  SUBJECT  TO  SUBJECT. 

It  was  assumed  that  a  FREQUENCY  OF  50  C.P.S.  would  activate  at  least  90% 
OF  THE  MUSCLEtS  POTENTIAL  STRENGTH.  As  LONG  AS  THE  LEVEL  OF  ACTIVATION  IS  CON¬ 
SISTENT  THE  DEGREE  OF  ACTIVATION  OVER  90%  IS  OF  MINOR  IMPORTANCE. 

5.  Frequency  For  Fatigue-Tension  Ratio.  The  objective  of  this  test  was 

TO  FATIGUE  THE  MUSCLE  AS  MUCH  AS  POSSIBLE  WITHOUT  PRODUCING  A  DEFECT  AT  THE 
NEUROMUSCULAR  JUNCTION.  EARLIER  STUDIES  HAVE  SHOWN  THAT  A  CONTINUOUS  FREQUENCY 
OF  50  C.P.S.  RESULTS  IN  AN  EARLY  BREAKDOWN  OF  THE  TRANSMISSION  OF  THE  NERVE  IM¬ 
PULSE  TO  THE  MUSCLE  MEMBRANE  I.E.  ACROSS  THE  NEUROMUSCULAR  JUNCTION.  At  A  FRE¬ 
QUENCY  OF  25  C.P.S.  THIS  BREAKDOWN  IS  NOT  MARKED  FOR  A  PERIOD  OF  40-60  SECONDS 
AND  INITIALLY  PRODUCES  75-95%  OF  THE  TETANIC  TENSION.  CONSEQUENTLY  IF  THE 
NEUROMUSCULAR  APPARATUS  ANd/or  THE  CONTRACTILE  MECHANISM  OF  A  MUSCLE  IS  MALFUNC¬ 
TIONING,  THE  DEFECT  SHOULD  BECOME  EVIDENT  WITHIN  THIS  PERIOD  OF  TIME. 

C.  RELIABILITY  (TABLE  I  1 ) 

I.  Gr i p  Tension.  A  number  of  investigators  have  found  it  is  not  possible 

TO  OBTAIN  HIGHLY  SIGNIFICANT  RELIABILITIES  OF  THE  MEASUREMENT  OF  MAXIMUM  STRENGTH 

(6,  9,  13,  24).  As  Muller  explains  in  his  experience  that: 

,tThe  measurement  of  the  maximum  strength  by  voluntary  maximal 

CONTRACTIONS  OF  MUSCLES  IS  NOT  ONLY  A  TECHNICAL  BUT  ALSO  A 
PSYCHOLOGICAL  PROBLEM. n  (24:303) 

In  order  to  determine  the  reasons  for  the  comparatively  low  reliability 

(r  =  .694),  SIX  OF  THE  SUBJECTS  WERE  ASKED  TO  COME  BACK  AFTER  THE  EXPERIMENT  WAS 
COMPLETED  TO  FURTHER  TEST  THE  RELIABILITY  OF  THE  RACE  COMPLEX.  EACH  SUBJECT  WAS 
TESTED  THREE  SEPARATE  TIMES  FOR  GRIP  TENSION,  TETANIC  TENSION  AND  MERTONfS  TEN¬ 
SION  AS  PREVIOUSLY  DESCRIBED.  AFTER  THE  COMPLETION  OF  EACH  TRIAL  THE  SUBJECT  WAS 
RELEASED  FROM  THE  RACE  COMPLEX;  HE  ROSE  UP  FROM  THE  BED,  AND  TWO  MINUTES  LATER 
HIS  ARM  WAS  AGAIN  PLACED  AND  CLAMPED  INTO  THE  SPLINT. 

The  results  (Table  VIII)  show  that  for  a  given  time  of  day  each  subject 
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HAD  ALMOST  IDENTICAL  SCORES  FOR  ANY  ONE  OF  THE  THREE  AFOREMENTIONED  MEASURES  ON 
THREE  SEPARATE  BUT  SUCCESSIVE  TRIALS.  It  MAY  BE  CONCLUDED  FROM  THESE  DATA  THAT 
THE  RACE  COMPLEX  AND  THE  EXPERIMENTAL  METHOD  DID  NOT  CONTRIBUTE  SIGNIFICANTLY  TO 
THE  LOW  REL  I  AB  I  L  ITY. 

A  REASON  FOR  THIS  LACK  OF  RELIABILITY,  BESIDES  THE  OBVIOUS  ONE  OF  THE 
SMALL  NUMBER  OF  SUBJECTS,  COULD  BE  THAT  THE  SUBJECTS  WERE  NOT  ALLOWED  TO  TRAIN 
ON  THE  MECHANICAL  APPARATUS  BEFORE  THE  EXPERIMENT.  BECAUSE  THEY  WERE  NOT 
FAMILIAR  WITH  THE  TESTING  DEVICE,  IT  IS  QUITE  POSSIBLE  THEY  DID  NOT  KNOW  HOW  TO 
ACHIEVE  THEIR  MAXIMUM  TENSION  WITH  THIS  DEVICE  OR  WHAT  HIS  MAXIMUM  TENSION  WAS 
FOR  THIS  SPECIFIC  EXERCISE. 

Many  authors  (26,  27,  30)  have  suggested  that  for  any  measure  of  physical 

PERFORMANCE  A  VERY  SIGNIFICANT  VARIABLE  TO  TAKE  INTO  ACCOUNT  IS  THE  SKILL  LEVEL 
AT  WHICH  THE  SUBJECT  PERFORMS  THE  EXERCISE.  ALTHOUGH  THE  EXERCISE  PER  SE,  IN 
THIS  CASE,  MIGHT  BE  CONSIDERED  A  VERY  COMMON  MOVEMENT,  THE  MECHANICAL  DEVICE  WAS 
COMPLETELY  NEW  TO  MOST  OF  THE  SUBJECTS  HENCE  EACH  OF  THEM  HAD  TO  LEARN  THROUGH 
TRIAL  AND  ERROR  HOW  TO  ACHIEVE  HIS  MAXIMUM  TENSION.  THE  MAGNITUDE  OF  THIS  LEARN¬ 
ING  EFFECT  IN  RELATION  TO  THE  RELIABILITY  SCORE  OR  THE  T-RATIO  VARIES  WITH  THE 
REQUIRED  SKILL  OF  THE  MOVEMENT  WHICH  INCLUDES  OF  COURSE  THE  MEASURING  DEVICE. 

A  CASE  IN  POINT  IS  THE  EXERCISE  PRODUCING  MERTONtS  TENSION.  CONSIDERING  THE 
UNUSUAL  PATTERN  OF  THE  EXERCISE  THIS  EFFECT  MIGHT  BE  A  VARIABLE  OF  MAJOR  SIGNIF¬ 
ICANCE  WHEN  CORRELATING  MAXIMUM  STRENGTH  SCORES. 

2.  Tetan i c  Tens i on .  With  the  psychological  factors  significantly  elimi¬ 
nated,  ONE  MIGHT  EXPECT  A  HIGHER  RELIABILITY  FOR  TETANIC  TENSION  THEN  THE  ONE 
OBTAINED  (R  =  .884).  In  AN  ATTEMPT  TO  EXPLAIN  THIS  SUPPOSED  DISCREPANCY,  IT 
COULD  BE  SUGGESTED  THAT  THE  VARIABLES  OF  MUSCLE  LENGTH  AND  HAND  POSITION  MAY  IN¬ 
FLUENCE  THE  TETANIC  TENSION  TO  A  MUCH  GREATER  EXTENT  THAN  A  VOLUNTARY  EXERCISE 
BECAUSE  THEY  WOULD  NOT  BE  DISGUISED  BY  THE  INFLUENCE  OF  THE  PSYCHOLOGICAL  FACTORS 
ALREADY  DISCUSSED  IN  THIS  THESIS.  HOWEVER  THE  POST-EXPERIMENTAL  STUDY  DOES  NOT 
SEEM  TO  INDICATE  THAT  THESE  TWO  VARIABLES  ARE  CONTRIBUTING  FACTORS.  FURTHER 
STUDIES  ARE  NECESSARY  TO  ELUCIDATE  THIS  PROBLEM. 
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3.  Mertonts  Tension.  The  subjects  expressed  concern  that  they  could  not 

GIVE  AN  ALL  OUT  EFFORT  WHILE  CONCENTRATING  ON  MAINTAINING  THE  ANGLE  OF  PULL  AND 
NOT  FLEXING  THE  PHALANGES  OF  THE  THUMB.  PRELIMINARY  STUDIES  HAVE  SHOWN  THAT  WITH¬ 
IN  TEN  TRIALS  A  PERSON  COULD  CONCENTRATE  SOLELY  ON  PUTTING  FORTH  HIS  MAXIMUM 

effort.  However  the  subjects  were  not  allowed  a  training  period  because  it  was 

THOUGHT  THAT  THIS  WOULD  GREATLY  DIMINISH  THE  EFFECTS  OF  THE  EXERCISE  PROGRAMS; 
ESPECIALLY  WHEN  THE  MUSCLES  UNDER  INVESTIGATION  WERE  ALREADY  IN  A  RELATIVELY 
HIGHLY  TRAINED  STATE.  THE  TRAINING  CURVES  FOR  GROUP  A  SUPPORTED  THIS  HYPOTHESIS. 
In  MOST  CASES  THE  SUBJECTS  MADE  THE  GREATER  PERCENTAGE  OF  THEIR  GAINES  WITHIN  THE 
FIRST  TWO  WEEKS  OF  THE  EXERCISE  PORGRAMS. 

In  addition  to  the  problem  of  learning  how  to  perform  this  exercise,  all 

OF  THE  PREVIOUSLY  MENTIONED  PSYCHOLOGICAL  VARIABLES  ARE  PROBABLY  CONTRIBUTING  TO 
THE  LACK  OF  RELIABILITY  (r  =  .702). 

4.  Fatigue-Tension  Ratio.  The  drop  in  tension  during  continuous  stimu¬ 
lation  IS  PROBABLY  DUE  TO  A  BREAKDOWN  IN  THE  TRANSMISSION  OF  THE  NERVE  IMPULSE 
RATHER  THAN,  AS  A  RESULT  OF  THE  CONTRACTILE  SUBSTANCE  FATIGUING  IN  THE  MUSCLE 
BECAUSE  THE  CURVE  OF  THE  EVOKED  ACTION  POTENTIAL  PARALLELS  THE  TENSION  CURVE. 

Brown  and  Burns  set  out  to  determine  whether  the  decline  in  tension  which 

FOLLOWS  PROLONGED  STIMULATION  OF  THE  MOTOR  NERVE  CAN  BE  ATTRIBUTED  TO  THE  EXIS¬ 
TENCE  OF  NEUROMUSCULAR  BLOCK.  THEY  DEMONSTRATED  THAT  ALTHOUGH  THE  NEUROMUSCULAR 
BLOCK  WAS  EVIDENT  IT  WAS  NOT  PERMANENT.  THAT  IS,  A  NEUROMUSCULAR  JUNCTION  MAY 
NOT  RESPOND  TO  EVERY  IMPULSE  BUT  RATHER  A  CERTAIN  PERCENTAGE  OF  THEM  DEPENDING  ON 
THE  STIMULATING  FREQUENCY. 

A  PREVIOUS  STUDY  IN  THIS  LABORATORY  NOTED  THE  EFFECTS  OF  DAILY,  CONTINUOUS 
STIMULATION  WITH  SUPRAMAXIMAL  SHOCKS  AT  A  FREQUENCY  OF  50  C.P.S.  ON  MUSCLE 

fatigue.  After  four  weeks  of  artificial  exercise,  the  initial  and  final  curves 

OF  BOTH  THE  EVOKED  ACTION  POTENTIAL  AND  THE  TENSION,  WHEN  PLOTTED  IN  PERCENTAGES 
OF  THE  ORIGINAL  VALUE,  WERE  ALMOST  IDENTICAL. 

These  results  with  fewer  trials  were  substantiated  at  a  frequency  of  25 

C.P.S. 
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Apparently  for  a  given  frequency  the  response  of  the  neuromuscular  trans¬ 
mission  SYSTEM  IS  HIGHLY  RELIABLE  DESPITE  THE  OPERATION  OF  HIGHLY  COMPLEX  VAR¬ 
IABLES  SUCH  AS  BLOOD  CIRCULATION  AND  OXYGEN  SUPPLY. 

0.  LIMITATIONS  OF  THE  STUDY 

Every  effort  was  made  to  control  the  variables  which  might  affect  this 

EXPERIMENT.  HOWEVER  THERE  REMAIN  A  NUMBER  OF  IMPORTANT  LIMITATIONS  IN  THIS 
STUDY. 

1.  Number  Of  Subjects.  It  was  extremely  difficult  to  obtain  subjects  who 

WOULD  VOLUNTEER  TO  PARTICIPATE  IN  THIS  STUDY  FOR  ITS  ENTIRE  DURATION  DUE  TO  THE 
FACT  THAT  THE  ELECTRICAL  STIMULATION  WAS  QUITE  PAINFUL,  PARTICULARLY  WITH  CON¬ 
TINUOUS  STIMULATION.  As  THE  MAIN  PURPOSE  OF  THIS  INVESTIGATION  WAS  TO  DETERMINE 
THE  EFFECTS  OF  REPETITIVE,  TETANIC  CONTRACTIONS  ON  MUSCLE  STRENGTH  AND  FATIGUE, 
HALF  OF  THE  EIGHTEEN  SUBJECTS  WERE  ASKED  TO  BE  IN  GROUP  /\.  GROUP  V  WAS  ESTAB¬ 
LISHED  BECAUSE  AN  ADDITIONAL  CONTROL  GROUP  WAS  CONSIDERED  ADVISABLE  TO  THE  DESIGN 
OF  THE  EXPER  I  MENT. 

2.  Trained  State  Of  The  Muscles  Under  Investigation.  For  a  variety  of 

REASONS,  THE  SUBJECTS  WHO  TOOK  PART  IN  THIS  EXPERIMENT  WERE  SELECTED  FROM  THE 

Staff  of  the  Rehabilitation  Department  at  the  University  Hospital.  The  main 

LIMITATION  HERE  IS  THAT  BECAUSE  OF  THE  NATURE  OF  THEIR  WORK  THE  HAND  MUSCLES  OF 
THESE  SUBJECTS  ARE  MORE  LIKELY  TO  BE  IN  A  HIGHLY  TRAINED  STATE  FOR  BOTH  MUSCLE 
STRENGTH  AND  MUSCULAR  ENDURANCE  WHEN  COMPARED  TO  THE  MAJORITY  OF  THE  OTHER 
HEALTHY  ADULTS;  THEREFORE,  IT  WAS  THOUGHT  THAT  THE  EXERCISE  PROGRAMS,  BY  EITHER 
A  DAILY  TETANIC  CONTRACTION  OR  A  DAILY  MAXIMUM  VOLUNTARY  ISOMETRIC  CONTRACTION, 
MIGHT  NOT  BE  OF  SUFFICIENT  INTENSITY  TO  RESULT  IN  ANY  CHANGE  IN  THE  MUSCLES  UNDER 
INVESTIGATION.  IN  AN  EFFORT  TO  MINIMIZE  THIS  LIMITATION  THE  NON-DOMINANT  HAND 
WAS  EXERCISED. 

3.  Exercise  Programs.  No  other  previous  reported  study  has  been  concern¬ 
ed  WITH  THE  EFFECTS  OF  REPETITIVE  ELECTRICAL  STIMULATION  ON  MUSCLE  STRENGTH  IN 
SUCH  DEFINITIVE  TERMS,  CONSEQUENTLY  EXERCISE  PROGRAMS  WERE  CHOSEN  WHICH  WOULD 
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ALLOW  US  TO  COMPARE  OUR  RESULTS  WITH  THOSE  OF  OTHER  INVESTIGATORS.  ALSO  EXERCISE 
REGIMES  CONSISTING  OF  ONLY  A  SINGLE  DAILY  CONTRACTION  PROVIDED  A  GOOD  AND 
NECESSARY  BASE  FOR  FUTURE  EXPERIMENTS. 

E.  EFFECTS  OF  ARTIFICIAL  EXERCISE 

I.  Gr i p  Tens i on.  Since  group  A  increased  significantly  in  both  tetanic 

AND  GRIP  TENSION,  IT  IS  TEMPTING  TO  SUGGEST  THAT  THE  INCREASE  IN  GRIP  TENSION  IS 
MAINLY  DUE  TO  THE  INCREASE  IN  STRENGTH  OF  THE  ULNAR  SUPPLIED  MUSCLES.  THIS  DOES 
NOT  APPEAR  TO  BE  THE  CASE  BECAUSE  THE  SIZE  OF  THE  GAINS  EACH  SUBJECT  DEMONSTRATED 
IN  TETANIC  TENSION  DOES  NOT  CORRELATE  WITH  THE  MAGNITUDE  OF  INCREASE  HE  HAS 
SHOWN  FOR  THE  GRIP  TENSION.  TAKING  INTO  ACCOUNT  THE  FACT  THAT  NO  OTHER  MUSCLES 
BESIDES  THE  ULNAR  SUPPLIED  MUSCLES  WERE  EXERCISED,  THE  QUESTION  WHICH  IS  IMMEDI¬ 
ATELY  ASKED  IS  WHERE  ARE  THE  ANATOMICAL  LOCATIONS  THAT  ARE  RESPONSIBLE  FOR  THIS 
INCREASE  IN  STRENGTH.  A  CONSIDERABLE  NUMBER  OF  AUTHORS  HAVE  COMMENTED  ON 
WHETHER  THE  IMPROVEMENTS  IN  STRENGTH  RESULTING  FROM  REGULAR  EXERCISE  WERE  PERI¬ 
PHERAL,  IN  THE  MUSCLE  PERSE,  OR  CENTRAL  IN  NATURE. 

(I)  Learning  -  Hellebrandt  in  discussing  the  overload  principle  of 

MUSCLE  TRAINING  IN  MAN  POINTS  OUT  THE  POSSIBLE  ROLE  OF  THE  CENTRAL  NERVOUS  SYSTEM 
IN  THE  TRAINING  PROCESS  BY  STATING: 

"The  central  nervous  system  is  implicated  just  as  critically  as 

THE  PERIPHERAL  TISSUES  WHICH  CONTRACT  SECONDARILY  AND  PRODUCE 
THE  MECHANICAL  ENERGY  USED  FOR  THE  PERFORMANCE  OF  WORK.  THUS  A 
SIGNIFICANT  PROPORTION  OF  THE  END  RESULT  OF  SYSTEMATIC  VOLUNTARY 
EXERCISE  IS  DUE  TO  MOTOR  LEARNING  AND  THIS  PROCESS  IS  NECESSARY 
EVERY  TIME  NEW  COMBINATIONS  OF  STRENGTH,  SPEED,  SKILL  AND  ENDURANCE 
ARE  ENCOUNTERED.”  (10:282) 

Some  authors  have  trained  the  experimental  group  on  the  same  device  that 

WAS  USED  FOR  TESTING  (II,  24).  THIS  PROCEDURE  HAS  BEEN  CRITICIZED  BY  PETERSEN 
WHO  MAINTAINS  THAT  IT  RESULTS  IN  A  TRAINING  EFFECT  WHICH  DISTORTS  THE  REAL  VALUE 
OF  THE  TRAINING  STIMULUS.  THE  MAGNITUDE  OF  THIS  EFFECT  VARIES  WITH  THE  REQUIRED 
SKILL  OF  THE  MOVEMENT  AS  WELL  AS  THE  MECHANICAL  DEVICE. 

Start  and  Holmes  studied  the  local  isometric  strength  and  endurance  of  the 

ELBOW  FLEXORS  IN  TWENTY  FEMALE  SUBJECTS.  THE  AUTHORS  SUGGEST  THAT: 
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"...THE  RAPID  STRENGTH  DEVELOPMENT  SEEN  IN  THE  FIRST 
WEEK  OF  TRAINING  CAN  REALLY  BE  AN  INDICATION  OF  INCREASE 

IN  NEUROLOGICAL  CONTROL  (SKILL)  RATHER  THAN  PHYSIOLOGICAL 
HYPERTROPHY.  " 

Increases  in  strength  from  eighty  per  cent  to  nearly  four  hundred  per  cent 

WERE  REPORTED  BY  ROSE  ET  AL.  THESE  RESULTS  WERE  SURPRISINGLY  HIGH  AS  THE  TRAIN¬ 
ING  STIMULUS  CONSISTED  OF  ONLY  A  SINGLE  MAXIMAL  ISOMETRIC  CONTRACTION  FOR  FIVE 

seconds.  The  authors  suggest  that: 

"Inasmuch  as  this  consumed  but  five  seconds  of  maximal  effort 

OF  EACH  SUCH  ATTEMPT,  IT  IS  ALMOST  INCONCEIVABLE  THAT  THIS 

BRIEF  PERIOD  OF  EXERCISE  REPRESENTS  MUSCULAR  EXERCISE  IN  THE 

SENSE  IN  WHICH  IT  IS  TRADITIONALLY  REGARDED.  As  HELLEBRANDT 

AND  HOUTZ  SUGGEST  CHANGES  IN  THE  CENTRAL  NERVOUS  SYSTEM  RELATED 

TO  MOTOR  LEARNING  ARE  PROFOUND  INDEED.  THE  PERSISTENCE  OF  STRENGTH 

AS  A  LEARNED  ACT  DOES  NOT  APPEAR  TO  BE  AN  IMPOSSIBLE  CONCEPT."  (27:162) 

Hislop  analyzed  the  quantitative  changes  that  occur  in  human  muscular 

STRENGTH  WITH  RESPECT  TO  FREQUENCY,  DURATION  AND  INTENSITY  OF  EXERCISE.  In  DIS¬ 
CUSSING  HER  RESULTS  SHE  APPEALS  FOR  A  GREATER  AWARENESS  OF  THE  QUALITATIVE 
CHANGES  IN  THE  NERVOUS  SYSTEM  THAT  HAVE  AN  INFLUENCE  ON  MOTOR  PERFORMANCE. 

Hislop  elaborates  by  stating: 

"It  is  then,  a  reasonable  premise  that  individual  differences 

IN  MUSCULAR  STRENGTH  ARE  DETERMINED  NOT  ONLY  BY  ANATOMICAL  AND 
MORPHOLOGICAL  FACTORS  AS  EXEMPLIFIED  BY  BIOCHEMICAL  FEATURES 
OF  MUSCULASKELETAL  AND  THE  INTEGRITY  OF  THE  CONTRACTILE  FUNCTION 
OF  MUSCLE,  BUT  ALSO  TO  A  VERY  CONSIDERABLE  EXTENT  OF  NEUROPHYSI¬ 
OLOGICAL  FACTORS.  IT  IS  THE  SUM  TOTAL  OF  ALL  THE  CHANGES  IN  THE 
NERVOUS  SYSTEM  WROUGHT  BY  REPETITIVE  ACTIVITY  AND  PRACTICE  THAT 
ARE  HEREIN  TERMED  "MOTOR  LEARNING"."  ( 13:37) 

(II)  Motivation  -  Changes  in  the  motivational  level  of  the  subject  during 

THE  TEST  TRIAL  ALTERS  THE  PERFORMANCE  OR  SCORE  ACHIEVED  BY  THE  SUBJECT.  INVESTI¬ 
GATORS  HAVE  APPROACHED  THE  PROBLEM  OF  MOTIVATION  -  PERFORMANCE  THROUGH  A  WIDE 
VAR  I  ET Y  OF  CHANNELS. 

A  NUMBER  OF  INVESTIGATORS  HAVE  ESTABLISHED  THAT  VOLUNTARY  PERFORMANCE  MAY 
BE  ALTERED  BY  THE  SOCIAL  STRUCTURE  OF  THE  TESTING  SITUATION  (7,  16,  22). 

JOSENHANS  NOTED  THE  EFFECTS  OF  MOTIVATION,  IN  THE  FORM  OF  COMPETITION,  ON 
THE  GAIN  IN  MUSCLE  FORCE  RESULTING  FROM  A  TRAINING  PROGRAM.  He  SUGGESTS  THAT 
MOTIVATION  MAY  CONTRIBUTE  TO  THE  GAIN  IN  TWO  WAYS:  (a)  ELIMINATION  OF  INHIBITORY 
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mechanisms;  (b)  increased  mobilization  of  motor  units.  In  answer  to  the  question 

HOW  DOES  MOTIVATION  AFFECT  THE  MUSCLE  FIBRE  AND  THE  INCREASE  IN  MUSCLE  FORCE 
JOSENHANS  EXPLAINS: 

"Increased  motivation  most  likely  mobilizes  more  muscle 
tension;  and  most  observers  indeed  found  a  significant  re¬ 
lationship  BETWEEN  TRAINING  FORCE  AND  GAIN."  (18:320) 

Hislop  recommends  that  to  obtain  the  maximum  voluntary  performance  one 

SHOULD  SELECT  SUBJECTS  WHO  HAVE  A  PERSONAL  INTEREST  IN  THE  RESEARCH  RATHER  THAN 
A  LARGER,  MORE  RANDOM  GROUP.  SHE  APPEALS  FOR  GREATER  COGNIZANCE  OF  THE  ROLE  OF 
MOTIVATION  IN  VOLUNTARY  ACTIVITY.  THE  AUTHOR  EMPHASIZES  HER  POINT  BY  STATING: 

"Regardless  of  the  exact  nature  of  the  substrate  mechanisms, 

IT  MUST  BE  ACKNOWLEDGED  THAT  THE  INDEFINABLE  PROCESS  OF  MOTI¬ 
VATION  IS  WHAT  PERMITTED  MAN  TO  RUN  HIS  FIRST  FOUR-MINUTE  MILE; 

AND  WHAT  HAS  LED  TO  THE  STATEMENT  THAT  TRECORDS  ARE  MADE  TO  BE 
BROKEN*.  THE  DESIRE  TO  EXCEL,  THEREFORE,  SHOULD  BE  CONSIDERED 
AS  ONE  OF  THE  DETERMINING  VARIABLES  RESPONSIBLE  FOR  IMPROVEMENT 
IN  HUMAN  VOLUNTARY  MUSCULAR  STRENGTH.  QUANTITATIVE  ESTIMATES  OF 
MOTIVATION  CANNOT  BE  MADE,  BUT  THE  OBSERVATIONS  MADE  IN  THIS  EX¬ 
PERIMENT  ILLUSTRATE  THAT  ITS  PRESENCE  CAN  BE  DRAMATICALLY  DEMON¬ 
STRATED  WHEN  SUCH  PERSONS  ARE  COMPARED  WITH  SUBJECTS  WHO  RESPOND 
IN  THE  USUAL  OR  *  AVER  AGE  *  MANNER."  (13:36) 

AS  MOTIVATION  IS  PARTLY  CONFINED  BY  INDUCED  INHIBITIONS,  SOME  WORKERS 
(15,  17,  28)  HAVE  EMPLOYED  HYPNOSIS  AS  A  METHOD  TO  DETERMINE  THE  EXTENT  OF  THESE 

INHIBITIONS. 

The  most  widely  quoted  of  these  studies  is  the  experiment  carried  out  by 
Ikai  and  Steinhaus.  They  observed  the  effects  of  gun  shots,  shouting,  alcohol, 

DRUGS  AND  HYPNOSES  ON  THE  TENSION  OF  RIGHT  FOREARM  FLEXORS  IN  A  MAXIMUM  EFFORT. 

Although  all  of  the  above  mentioned  interventions  increased  the  subjects*  per¬ 
formance  IN  SOME  DEGREE,  HYPNOSIS  RESULTED  IN  THE  GREATEST  AND  MOST  CONSISTENT 
IN  THE  *PSYCHOLOGIC  LIMIT*.  THEY  CONCLUDED  THAT: 

"All  observations  reported  here  support  the  thesis  that  the 

EXPRESSION  OF  HUMAN  STRENGTH  IS  GENERALLY  LIMITED  BY  PSYCHOLOG¬ 
ICALLY  INDUCED  INHIBITIONS.**  (15:156) 

Roush  reported  that  an  increase  in  the  score  of  a  grip  test,  arm  test, 
(Martin  arm  type)  and  the  over  hand  hang  when  the  subjects  under  hypnosis  were 

GIVEN  INSTRUCTIONS  TO  DISREGARD  PAIN.  THE  RANGE  OF  THESE  INCREASES  VARIED;  FOR 
EXAMPLE  IN  THE  ARM  TEST  THERE  WAS  A  2.6  -  33.3%  IMPROVEMENT. 
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A  study  by  Eysenck,  cited  by  Roush,  examined  the  effects  of  hypnosis  on 

BOTH  MENTAL  AND  PHYSICAL  PERFORMANCES  USING  A  BATTERY  OF  THIRTY  TESTS  ON  TWO 

SUBJECTS.  He  concluded  that  strength  tests  and  any  test  involving  fatigue  seemed 

TO  SHOW  A  GREATER  INCREASE  IN  PERFORMANCE  THAN  DID  THE  MENTAL-FUNCTION  TESTS. 

The  evidence  supports  the  statement  of  Ikai  and  Steinhaus  that  voluntary 

PERFORMANCE  IN  MOST  CASES  IS  LIMITED  BY  PSYCHOLOGIC  FACTORS  RATHER  THAN  PHYSI¬ 
OLOGIC  FACTORS. 

It  is  not  possible  at  the  present  time  to  differentiate  between  the  effects 
of  tmotor  Learn ingt  and  Motivations  One  can  only  speculate  on  the  relative 

IMPORTANCE  OF  THE  VARIOUS  PHYSIOLOGICAL  MECHANISMS  INVOLVED  IN  INCREASING  MUSCLE 
TENSION  DURING  VOLITIONAL  EXERCISE.  HOWEVER,  THE  EFFECT  OF  SUCH  EXERCISE  ON  THE 
MUSCLE  ITSELF  CAN  BE  ACCURATELY  DETERMINED  BY  EMPLOYING  THE  METHOD  USED  IN  THIS 
EXPERIMENT  AND  DESIGNING  A  STUDY  WITH  A  LARGER  NUMBER  OF  SUBJECTS. 

2.  Tetan i c  Tens i on .  The  advantage  this  study  has  over  previous  research 

WHICH  WAS  CONCERNED  WITH  THE  EFFECTS  OF  ELECTRICAL  STIMULATION  IS  THAT  A  COM¬ 
PLETELY  OBJECTIVE  MEASURE  OF  THE  MAXIMUM  MUSCLE  TENSION  COULD  BE  RECORDED. 

Therefore,  from  the  findings  of  this  study,  it  may  be  concluded  with  reasonable 

CERTAINTY  THAT  THE  INCREASES  IN  MUSCLE  STRENGTH  RESULTING  FROM  ELECTRICAL  STIM¬ 
ULATION  ARE  PERIPHERAL  IN  NATURE,  THAT  IS  WITHIN  THE  MUSCLE  ITSELF.  IT  IS  NOT 
WITHIN  THE  SCOPE  OF  THIS  THESIS  TO  DISCUSS  THE  POSSIBLE  PHYSIOLOGICAL  BASIS  FOR 
THESE  CHANGES  IN  STRENGTH. 

The  conclusion  that  artificial  exercise  results  in  significant  increases 

IN  THE  MAXIMUM  TENSION  THAT  CAN  BE  PRODUCED  BY  A  MUSCLE  IS  TO  BE  GIVEN  ADDED 
EMPHASIS  IN  LIGHT  OF  THE  LIMITATIONS  IN  THIS  STUDY  THAT  FIRSTLY,  THE  MUSCLES 
WERE  PROBABLY  INITIALLY  IN  A  HIGHLY  TRAINED  STATE  AND  SECONDLY,  THAT  THE  EXERCISE 
PROGRAM  WAS  OF  ALMOST  MINIMUM  INTENSITY. 

There  are  no  other  studies  with  which  these  results  can  be  compared.  The 

STUDY  CONDUCTED  BY  MASSEY  ET  AL  IS  SEVERELY  LIMITED  BY  THEIR  TECHNIQUE  OF  STIM¬ 
ULATION  AND  ALSO  BY  THE  FACT  THAT  THEY  HAD  NO  WAY  OF  MEASURING  THE  EFFECTIVENESS 
OF  THE  STIMULUS.  FROM  THE  DESIGN  OF  THE  EXPERIMENT,  THEIR  STUDY  IS  SUBJECT  TO 
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ALL  OF  THE  VARIABLES  ASSOCIATED  WITH  VOLUNTARY  ACTIVITY. 

Although  this  is  but  an  exploratory  study,  the  fact  that  Group  A  showed 

SIGNIFICANT  INCREASES  IN  TETANIC  TENSION  IS  SUFFICIENT  EVIDENCE  TO  CAST  DOUBT 
ON  MOREHOUSETS  INHIBITION  THEORY  OF  STRENGTH  DEVELOPMENT. 

UP  TO  THE  PRESENT  TIME  THERE  HAS  BEEN  LITTLE  EXPERIMENTAL  EVIDENCE  TO 
SUPPORT  THE  CLINICAL  IMPRESSION  THAT  THE  INCREASES  IN  STRENGTH  RESULTING  FROM 
SYSTEMATIC  EXERCISE  ARE  DIRECTLY  RELATED  TO  CHANGES  IN  THE  MUSCLE  PER  SE.  THE 
POSITIVE  FINDINGS  IN  THIS  STUDY  SUGGEST  THAT  THIS  WOULD  BE  A  VALUABLE  METHOD  FOR 
ASSESSING  THE  RELATIVE  EFFICACY  OF  STRENGTHENING  PROGRAMS  WITH  REGARD  TO  THEIR 
EFFECT  ON  THE  MUSCLE  AND  ITS  POTENTIAL  FOR  DEVELOPING  TENSION.  In  ADDITION,  WITH 
A  MORE  SOPHISTICATED  DESIGN  THE  SIGNIFICANCE  OF  THE  PSYCHOLOGICAL  VARIABLES 
PREVIOUSLY  MENTIONED  MAY  BE  MORE  CLEARLY  DEFINED. 

3.  Mertonts  Tension.  It  is  interesting  that  Group  _A  did  not  demonstrate 

SIGNIFICANT  GAINS  IN  MERTONtS  TENSION,  AFTER  THEY  SHOWED  SIGNIFICANT  IMPROVEMENTS 
FOR  GRIP  TENSION  AND  TETANIC  TENSION.  THE  FACT  THAT  THERE  WERE  NOTABLE  CHANGES 
IN  THE  MUSCLES  THEMSELVES  AS  A  RESULT  OF  THE  ELECTRICAL  STIMULATION  AND  THAT  THEY 
DID  NOT  SHOW  UP  WITH  THIS  SPECIALLY  DESIGNED  EXERCISE  ATTESTS  TO  THE  STRENGTH  OF 
THE  PSYCHOLOGICAL  VARIABLES  WHICH  HAVE  ALREADY  BEEN  ELABORATED  UPON;  PARTICULARLY 
IN  THE  UNNATURAL  MOVEMENT  INVOLVED  IN  PRODUCING  MERTON^  TENSION. 

4.  Fatigue-Tension  Ratio.  Any  change  in  the  tetanic  tension  of  the  mus¬ 
cle  WOULD  NOT  BE  NOTED  IN  THE  MEASURE  OF  FATIGUE-TENSION  RATIO  AS  ANTICIPATED 
BECAUSE  IT  IS  THE  EFFICIENCY  OF  THE  NEUROMUSCULAR  TRANSMISSION  SYSTEM  AND  NOT  OF 
THE  CONTRACTILE  MECHANISM  WHICH  LARGELY  DETERMINES  THE  FATIGUE-TENSION  RATIO. 

F.  EFFECTS  OF  VOLUNTARY  ISOMETRIC  EXERCISES 

An  excellent  review  of  the  literature  with  regard  to  the  development  of 

MUSCULAR  STRENGTH  FROM  THE  LATE  NINETEENTH  CENTURY  TO  E.  A.  MULLER  HAS  BEEN  PRO¬ 
VIDED  by  Steinhaus.  The  findings  of  Hettinger  and  Muller  in  1953  coupled  with 

THE  RE-EMPHASIS  ON  PHYSICAL  FITNESS  HAVE  RESULTED  IN  SCORES  OF  STUDIES  INVESTI¬ 
GATING  THE  DEVELOPMENT  OF  STRENGTH  THROUGH  VOLUNTARY  ISOMETRIC  EXERCISES. 
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JOSENHANS  AND  HOWELL  HAVE  MADE  EXTENSIVE  REVIEWS  EVALUATING  THE  VARIOUS  METHODS 
OF  IMPROVING  MUSCLE  STRENGTH.  FROM  THE  EVIDENCE  THERE  SEEMS  TO  BE  LITTLE  DOUBT 
THAT  REGULAR  VOLUNTARY  ISOMETRIC  EXERCISE  INCREASES  VOLITIONAL  STRENGTH. 

However  Group  _V  did  not  show  statistically  significant  improvements  in 

ANY  OF  THE  FOUR  PARAMETERS  MEASURED  AND  PROBABLY  THE  MAJOR  REASON  WAS  BECAUSE 
THIS  GROUP  CONSISTED  OF  ONLY  FIVE  SUBJECTS.  THIS  HYPOTHESIS  IS  SUPPORTED  BY  THE 
FACT  THAT  THREE  OF  THE  FIVE  SUBJECTS  IN  GROUP  _V  SHOWED  (TABLE  l)  MARKED  INCREASES 
IN  GRIP  TENSION  WHILE  THE  REMAINING  TWO  SUBJECTS  DEMONSTRATED  NEGLIGIBLE  CHANGES. 

The  case  is  similar  for  tetanic  tension  (Table  II)  where  all  but  one  subject 

SHOWED  INCREASES.  FOR  SOME  UNKNOWN  REASON,  THE  SUBJECT  J.  F.  DROPPED  MARKEDLY 
IN  ALL  OF  THE  THREE  STRENGTH  SCORES  ON  THE  TEST  DAY.  THE  TREND  OF  THESE  RESULTS 
SUGGEST  THAT  WITH  MORE  SUBJECTS  THE  VOLUNTARY  EXERCISE  PROGRAM  WOULD  PROVE  TO  BE 
SIGNIFICANTLY  EFFECTIVE  IN  INCREASING  MUSCLE  STRENGTH,  AS  MEASURED  BY  TETANIC 
TENS  I  ON . 

Although  the  amount  of  time  per  exercise  was  approximately  the  same  for 
both  Groups  A  and  \/,  the  tension  produced  by  the  ulnar  supplied  muscles  was 

GREATER  FOR  THE  SUBJECTS  THAT  UNDERWENT  ELECTRICAL  STIMULATION  (TABLES  V  AND  Vl). 

It  has  been  stated  (13)  THAT  two  thirds  of  the  maximum  tension  is  all  that  is 

NECESSARY  TO  PRODUCE  MAXIMUM  INCREASES  IN  VOLITIONAL  STRENGTH.  HOWEVER  HlSLOP 
HAS  SHOWN  THAT  ISOMETRIC  EXERCISES  OF  MAXIMAL  INTENSITY  PRODUCE  MORE  SIGNIFICANT 
IMPROVEMENTS  IN  MAXIMAL  STRENGTH  THAN  ISOMETRIC  EXERCISES  OF  EITHER  SIXTY  SEVEN 
PERCENT  OR  SEVENTY  FIVE  PER  CENT  OF  MAXIMAL  STRENGTH.  MORE  RESEARCH  IS  REQUIRED 
USING  A  METHOD  SUCH  AS  DESCRIBED  IN  THIS  STUDY  BEFORE  THESE  FACTORS  WILL  BE 
F I NALLY  ELUC  I  DATED. 
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CHAPTER  V 

SUMMARY,  CONCLUSIONS  AND  RECOMMENDATIONS 

A  COMPARISON  OF  THE  EFFICACY  OF  DIFFERENT  MUSCLE  STRENGTHENING  PROGRAMS 
IS  MADE  DIFFICULT  BECAUSE  OF  THE  MANY  PSYCHOLOGICAL  FACTORS  SUCH  AS  MOTIVATION 
INVOLVED  IN  VOLITIONAL  EXERCISE.  THESE  FACTORS  CAN  BE  VIRTUALLY  EXCLUDED  IN 
ARTIFICIAL  EXERCISE.  WHEN  PSYCHOLOGICAL  FACTORS  HAVE  BEEN  ELIMINATED,  A  DETAILED 
STUDY  OF  THE  PHYSICAL  PARAMETERS  SUCH  AS  LOAD,  DURATION  AND  FREQUENCY  OF  EXERCISE 
COULD  BE  UNDERTAKEN. 

The  most  easily  and  effectively  controlled  artificial  exercise  is  where  a 

MOTOR  NERVE  TO  A  SPECIFIC  MUSCLE  IS  STIMULATED  ELECTRICALLY.  THE  TENSION  OF  THE 
MUSCLE  CAN  BE  ALTERED  BY  VARYING  THE  STIMULUS  VOLTAGE  AND  FREQUENCY.  As  NO  SUCH 
STUDY  HAS  BEEN  RECORDED  IN  MAN,  THE  PRESENT  PROJECT  WAS  UNDERTAKEN  TO  DETERMINE 
IF  ARTIFICIAL  EXERCISE  BY  MEANS  OF  ELECTRICAL  STIMULATION  EFFECTS  MUSCLE  STRENGTH 
AND  FATIGUE. 

Specifically  this  study  was  concerned  with  the  effects  of  repetitive, 

ELECTRICAL,  TETANIC  STIMULATION  ON  THE  STRENGTH  AND  FATIGUE  OF  THE  ULNAR  INNER¬ 
VATED  MUSCLES  OF  THE  NON-DOMINANT  HAND  IN  HEALTHY  ADULTS.  TEN  MALES  AND  EIGHT 
FEMALES  VOLUNTEERED  TO  PARTICIPATE  IN  THE  EXPERIMENT.  THEY  WERE  DIVIDED  INTO 
THREE  GROUPS:  A  (N  =  9)  UNDERWENT  A  DAILY,  SIX  SECOND,  TETANIC  CONTRACTION; 

\/  (N=  5)  EXERCISED  BY  DOING  A  DAILY,  SIX  SECOND,  MAXIMUM,  VOLUNTARY,  ISOMETRIC 

CONTRACTION,  AND  _C  (N  =  4)  ACTED  AS  A  CONTROL  GROUP  AND  THEY  CARRIED  ON  THEIR 
NORMAL  EVERYDAY  ACTIVITY.  THE  ULNAR  INNERVATED  MUSCLES  OF  THE  DOMINANT  HAND  AS 
WELL  AS  THE  NON-DOMINANT  HAND  OF  ALL  THE  SUBJECTS  WERE  MEASURED  FOR  THE  FOLLOWING 

parameters:  (I)  grip  tension,  (2)  tetanic  tension,  (3)  Merton Ts  tension,  and 

(4)  FATIGUE-TENSION  RATIO.  THE  MEASURES  TAKEN  ON  THE  DOMINANT  HAND  ACTED  AS  AN 
ADDITIONAL  CONTROL  GROUP. 

The  subjects  that  underwent  electrical  stimulation  (Group  A)  showed 

SIGNIFICANT  INCREASES  IN  TWO  OF  THE  FOUR  MEASURES  -  GRIP  TENSION  AND  TETANIC 

tension.  Group  _V  subjects,  who  underwent  voluntary  isometric  exercise,  did  not 
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DEMONSTRATE  STATISTICALLY  SIGNIFICANT  GAINS  IN  ANY  OF  THE  FOUR  PARAMETERS  UNDER 
D  I  SCUSS I  ON. 

From  the  findings  of  this  study  we  may  conclude  that: 

1.  Artificial  exercise  by  means  of  electrical  stimulation 

CAN  INCREASE  MUSCLE  STRENGTH. 

2.  The  increase  in  muscle  strength  from  this  type  of  exercise 

IS  PERIPHERAL  IN  NATURE. 

3.  This  method  should  be  of  great  value  in  comparing  the 

EFFICACY  OF  DIFFERENT  MUSCLE  STRENGTHENING  REGIMES. 

Because  of  the  limitations  of  this  study  it  was  not  possible  to  compare 

THE  EFFECTIVENESS  OF  THE  VOLUNTARY  AND  ARTIFICIAL  EXERCISE  PROGRAM. 

Recommendat ions: 

1.  Further  refine  that  portion  of  the  mechanical  apparatus 

WHICH  IS  CONCERNED  WITH  MAINTAINING  THE  LENGTH  OF  THE 

MUSCLE. 

2.  Obtain  more  subjects  and  repeat  the  experiment. 

3.  Utilize  the  method  employed  in  this  study  for  investi¬ 
gation  of: 

(I)  STRENGTH  LIMITS  RELATIVE  TO  SPECIFIC  EXERCISES. 

(II)  QUANTIFYING  PSYCHOLOGICAL  FACTORS  ASSOCIATED  WITH 
VOLUNTARY  EXERC  I  SE. 
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SAMPLE  CALCULATION  OF  RELIABILITY  COEFFICIENT* 
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TABLE  1  I 

RELIABILITY  SCORES*  OF  SUBJECTS  FOR  TEST  I  AND  TEST  II 


SUBJECT 

GRIP 

TENS  1  ON 

TETAN  1C 

te:ns  ION 

MERTON *S 

TENSION 

FATIGUE- 

TENSION  RATIO 

TEST  1 

1  TEST  1 1 

TEST  1 

TEST  1 1 

TEST  1 

TEST  1 1 

TEST  1 

TEST  1 1 

J.S. 

20.2 

— 

13.6 

14.7 

15.8 

17.0 

0.291 

0.405 

D.  J. 

34.2 

29.4 

18.9 

16.5 

26.7 

20.0 

0.378 

0.408 

J.F. 

23.3 

25.2 

13.  1 

15.0 

15.2 

15.5 

0.30 

0.333 

D.K. 

32.  1 

25.0 

23.0 

16.6 

21.2 

15.8 

0.329 

0.453 

D.Q. 

30.3 

34.5 

13.2 

14.8 

16.  1 

21.0 

0.44 

0.44 

S.M. 

26.0 

26.7 

12.2 

1  1.6 

15.4 

13.2 

0.306 

0.31 

R.W. 

25.4 

23.  1 

12.5 

12.5 

14.0 

11.9 

0.242 

0.34 

H.S. 

24.4 

23.8 

1  1.  1 

12.8 

13.6 

13.9 

0.39 

0.45 

G.P. 

23.6 

23.6 

10.6 

9.0 

12.8 

10.0 

0.  195 

0.27 

E.E. 

27.2 

24.4 

11.9 

12.4 

14.  1 

19.5 

0.465 

0.555 

M.C. 

30.4 

31.6 

14.  1 

16.  1 

24.0 

25.8 

0.232 

0.30 

E.K. 

34.2 

36.6 

21.0 

20.0 

22.6 

23.0 

0.204 

0.288 

V.M. 

35.3 

35.2 

19.3 

19.3 

19.3 

19.6 

DR.  C. 

24.0 

30.6 

15.8 

15.2 

18.5 

16.8 

N  =  13 

R=  .694 

N  =  14 

r=  .884 

N  =  14  R : 

=  .704 

N  =  12 

r=  .960 

*  ALL  VALUES  EXPRESSED  IN  POUNDS. 


1 1 

Yt  1 

.  1 

1 

1 

1 

1  1 

1 

1 

1 

1  i 

1 

1 

1 

1 

! 

1 

1 

.  1 

1 

1 

1 

TABLE  1 1  I 

SAMPLE  CALCULATION  OF  t-RATIO* 


ARTIFICIAL 

SUBJECT 

TRAINING  GROUP 

GRIP 

INITIAL  TEST 

TENSION 

FINAL 

(lbs.  ) 

TEST 

D  IFFERENCE 

SQUARE  OF 
DIFFERENCE 

H.S. 

23.8 

25.6 

1.8 

3.24 

E.E. 

24.4 

28.  1 

3.7 

13.69 

S.M. 

26.7 

26.6 

0.  1 

0.01 

M.C. 

31.6 

33.  1 

1.5 

2.25 

E.K. 

36.6 

42.5 

5.9 

34.8 

DR.  C. 

30.6 

37.0 

6.4 

40.96 

R.W. 

23.  1 

26.6 

3.5 

12.25 

V.M. 

35.2 

37.6 

2.4 

5.76 

G.P. 

23.6 

25.0 

1.4 

1.96 

N  =  9 

TEST  OF  SIGNIFICANCE: 

TOTAL 

MEAN 

26.7 

2.94 

1 14.93 

sD2  =  £Df_  -  (D)2 

N 

=  I  14.93  -  (2. 94) 2 

9 

=  12.77  -  8.64 

Sd2=  4.13 

T  =  D _  T  =  2. 94 

^  SD2  /  N-l  ^  -51 

=  2  94  T  =  2. 94  T  =  4.  14 

-r: - -  .71 

-/  4.  13  /  8 


*  The  formula  used  for  the  computation  was  taken  from: 

"Sign  if icance  of  the  difference  between  two  means  for  correlated  samples"  - 
Ferguson,  G.A.,  Statistical  Analysis  In  Psychology  and  Education,  McGraw-Hill 
Book  Co.,  New  York,  1959,  pp.  138,  139. 
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A  COMPARISON  OF  THE  DIFFERENCE  OF  GRIP  TENSION  IN  EXERCISED  AND 
NON-EXERCISED  HANDS  IN  THREE  GROUPS  OF  SUBJECTS  AFTER  FIVE  WEEKS  OF  EXERCISE 

EXERCISED  HAND  NON-EXERCISED  HAND  (CONTROL) 
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TABLE  VIII 

RESULTS  OF  POST-EXPERIMENTAL  TEST  ON  THREE 
SUCCESSIVE  BUT  SEPARATE  TRIALS  OF 
GRIP  TENSION,  TETANIC  TENSION,  AND  MERTONTS  TENSION 

SUBJECT  TRIAL  GRIP  TENSION  TETANIC  TENSION  MERTON'S  TENSION 


S.M. 

1 

24.2 

12.3 

12.8 

2 

23.8 

13.0 

12.8 

3 

23.6 

12.6 

12.  1 

M.C. 

1 

36.2 

16.9 

22.4 

2 

36.2 

16.0 

21.6 

3 

34.2 

15.8 

20.8 

E.K. 

I 

39.6 

22.6 

23.  1 

2 

39.0 

22.2 

20.5 

3 

36.3 

22.0 

22.6 

DR.  C. 

1 

40.5 

15.0 

17.9 

2 

41.0 

15.2 

16.2 

3 

38.2 

15.0 

15.2 

R.W. 

I 

27.0 

14.4 

14.  1 

2 

26.6 

14.  I 

14.  1 

3 

26.0 

13.7 

13.4 

V.M. 

I 

37.2 

r  9. 2 

19.4 

2 

37.6 

20.0 

18.5 

3 

39.2 

20.0 

19.2 

ALL  VALUES 

EXPRESSED 

IN  POUNDS 

VIII 


FIGURES 


F 1 GURE  1 :  The  subject  lying  supine  on  the  bed  with  his  arm  strapped  in  the 
race.  Note  the  strap  around  the  forearm,  the  padded  wooden  bar 

SCREWED  DOWN  ON  THE  WRIST,  AND  THE  HAND  MOULD  ACROSS  THE  PALM; 

ALL  OF  WHICH  WERE  USED  TO  ISOLATE  THE  MUSCLES  UNDER  INVESTIGATION. 
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FIGURE  2 


A  CLOSE-UP  photograph  showing  the  subjects  hand  strapped  in  the  race; 
Note  : 

(1)  THE  PRESSURE  ARM  ON  THE  CATHODE  AT  THE  WRIST. 

(2)  HOW  THE  THUMB  IS  ATTACHED  TO  THE  ME CH AN O-ELE CTR  I  C  TRANS¬ 
DUCER. 

(3)  HOW  THE  PLATE  WHICH  GOES  THROUGH  THE  TOP  OF  THE  TRANSDUCER 
IS  DIVIDED  EVERY  FOUR  HOLES  BY  DIFFERENT  COLORS. 

(4)  THE  E.M.G.  PREAMPLIFIER  TO  THE  RIGHT  OF  THE  RACE. 
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FIGURE  3:  Picture  depicting  the  design  of  the  race  and  cast  mould.  Note: 

(1)  THE  TWO  WHITE  MARKERS  ON  THE  OUTER  AND  INNER  PORTIONS  OF  THE 
RACE  SHOWING  HOW  THE  CIRCLE  IS  FREE  TO  MOVE  AROUND  THE  FIXED 

INNER  COMPONENT. 

(2)  THE  LOWER-CENTER  PART  OF  THE  PHOTOGRAPH  SHOWING  THE  ONE-INCH 
STEEL  ROD,  WHICH  IS  FIXED  TO  THE  INNER  CIRCLE  OF  THE  RACE,  IN 
THE  SLEEVE  WHICH  IS  WELDED  TO  THE  BED. 

(3)  THE  SLOT  JUST  BELOW  THE  SLEEVE  THAT  FITS  AROUND  THE  THUMB.  By 
SIMPLY  UNSCREWING  THE  PRESSURE  IT  CAN  BE  SWITCHED  TO  THE 

OPPOSITE  SIDE. 

(4)  THE  ANGLE  OF  THE  FORCE  TRANSDUCER.  Th  I  S  ARRANGEMENT  ENABLES  THE 
SUBJECT  TO  APPLY  TENSION  TO  THE  TRANSDUCER  AT  AN  ANGLE  OF  NINETY 

DEGREES. 

(5)  THE  TWO  ELECTRODES  ON  THE  INNER  SURFACE  OF  THE  MOULD.  DEPENDING 
ON  THE  ARM  BEING  TESTED  ONE  OF  THESE  ELECTRODES  WOULD  SERVE  AS 


THE  ANODE 
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F IGURE  4:  Shows  the  method  that  was  used  to  calibrate  the  tension.  The  mechano- 

ELECTRIC  TRANSDUCER  HAS  BEEN  TURNED  SO  THAT  IT  FACES  THE  LINE  OF  THE 

PULLEY.  Note  how  the  pulley  is  fixed  at  a  height  such  that  the  line 


OF  PULL  IS  ALWAYS  NINETY  DEGREES  TO  THE  TRANSDUCER 


I  ■  ,  I 


i  !  f  1:1  Y  Y 

T 


F  I GURE  5 :  Marking  the  hand  for  placement  of  the  recording  electrodes. 


